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Foreword 


P LINY in his Natural History wrote, “It is an arduous task to give novelty 
to what is ancient, authority to what is new, interest to what is obsolete, 
light to what is obscure, charm to what is loathesorne, and credit to what is 
dubious.” To such a task Professor West has devoted five years of intensive 
observation, study, drawing, and writing, and he has produced an outstanding 
treatise on a subject of much importance. The unusual difficulties inherent in 
the preparation of the text are suggested by the fact that this is the first com¬ 
prehensive work on the housefly to appear in English in thirty-six years. Yet 
pertinacious filth-feeding and filth-breeding Musca domestica is probably the 
most widely distributed as well as the most dangerous insect closely associated 
with man. Paradoxically, not many scientists or laymen can with certainty 
recognize this species at sight, common though it is. So this is a much-needed 
text and reference book of great value to civil and military physicians and 
sanitarians, to public health officers, to biologists, to students, and to all who 
are interested in natural history. 

Luther West has won distinction in both civil and military life. During 
World War II, I became acquainted with him when he was Chief of Medical 
Entomology at the Army Medical School in Washington, where his clear, 
practical, and precise lectures were unexcelled. He is a talented teacher, as is 
apparent throughout the pages which follow. 

While, as Professor West states in his first chapter, the period of friendly 
tolerance of flies has never really been terminated, yet most of us now, like 
Sir John Lubbock in the nineteenth century, think of houseflies as “winged 
sponges spreading hither and thither to carry out the foul behests of conta¬ 
gion.” But throughout much of the world the fly rules man to an unbelievable 
extent. As an example, I can cite a village that I visited in the Near East in 
1949, where 50 per cent of the people are blind in one or both eyes because of 
fly-borne trachoma. I have also been in overseas communities where regularly 
a third of the babies die before they are a year old, chiefly, it seemed to me, 
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because of fly-borne bowel infections. Millions still accept houseflies as an in¬ 
evitable part of fate; yet, of course, quoting Woods Hutchinson, “We must 
not blame God for the fly. . . . The fly is the resurrection, the reincarnation 
of our own dirt and carelessness.” 

DDT and the newer economic toxicants have shown much usefulness 
against flies but, as Professor West makes clear, they do not replace, but sup¬ 
plement, sanitary measures. The housefly is a resourceful antagonist. It car¬ 
ries in its genes an incredible bag of tricks. Apparently destroyed in a 
community by DDT, it blossoms forth with a io,ooo-fold resistance; then, 
seemingly defeated by benzene hexachloride, it reappears with a powerful 
immunity; finally, sent down dramatically by chlordane, it rises once more, 
invincible in the face of all three toxicants. The problem of housefly and 
pest-mosquito resistance to organic poisons is growing more formidable each 
year. 

Let no one expect an easy victory over houseflies. Probably the best way to 
deal with the housefly is to expunge its breeding places and to prevent their 
formation. However, such environmental sanitation is costly and difficult, 
and it comes very slowly in underdeveloped areas. Much more research and 
sanitary endeavor are required before we can hope for decisive results in the 
prevention of fly-borne illness throughout the world. Hence the great signifi¬ 
cance at home and abroad of Professor West’s book. 

Here is a timely monograph, scholarly, practical, and well-balanced, dealing 
with each phase of the subject—morphology, physiology", behavior, life history, 
taxonomy, distribution, ecology, relation to disease, usefulness in the labora¬ 
tory and in nature, techniques in the field, museum, and laboratory, control 
measures, prevention, and bibliography-—and having a fine historical flavor 
throughout. This treatise will not only fulfill the need for readily accessible 
and authoritative information about houseflies, but it will stimulate further 
study and, all in all, will be a notable contribution toward the welfare of 
mankind. 


Paul F. Russell, m.il 

The Rockefeller Foundation, 

International Health Division 
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An actually existing fly is more important than a possibly existing angel. — Emer¬ 
son, Letter to Moncure D. Conway 

N O comprehensive treatment of the housefly and its importance to man 
has appeared in the English language since Hewitt’s excellent volume, 
published by the Cambridge University Press in 1914. This came three years 
after The House Fly, Disease Carrier . . . , prepared by the noted American 
entomologist L. O. Howard, a volume which, though not intended as a sci¬ 
entific monograph, has served American biologists and sanitarians as an 
authoritative work of reference for nearly forty years. Mention should like¬ 
wise be made of Graham-Smith’s Flies in Relation to Disease: Non-blood - 
sucking Flies, 1914, which, although it treats of many species in addition to 
Musca domestica, contains particularly valuable information concerning 
muscoid structure and biology. All three of the foregoing volumes are, how¬ 
ever, long since out of print. This fact, combined with the newer knowledge 
of control procedure, renders it imperative that a modern account of this 
long-time enemy of human welfare be prepared for the information of all 
concerned. 

During World War II it was particularly apparent that medical men and 
health workers generally were eager to master and utilize a much greater 
knowledge of medical entomology than library facilities in this or other coun¬ 
tries ordinarily made possible. This observation convinced the writer that the 
bringing together of the hitherto scattered information concerning a species 
which has probably been responsible for more human misery than any other 
insect would be not only a desirable but a very practical undertaking. The 
present volume is the result of such an effort, and is presented, with all its 
faults, in the hope that it may serve a useful purpose in improving the health 
and happiness of man. 

The standards of civilization cannot be maintained without constant vigi- 
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lance, and basic to this is a state of mind capable of envisioning even higher 
ideals than have yet been realized. It is probably true that more people are 
influenced by habit and custom than by logic, practical instruction, or even 
personal experience. If it is possible to surround the rising generation with an 
environment relatively free from flies and fly-borne filth, communities of the 
future will perhaps insist upon surroundings which are both pleasing and 
sanitary, and which they will not willingly relinquish, even under stress. 
Constant re-education of youth cannot, therefore, be neglected, and constitutes 
one of the principal reasons for the publication of this volume. The present 
undertaking, however imperfect, is above all else an attempt to serve an ob¬ 
vious international need in the field of sanitary education. 

While the book is intended primarily for the use of public health officers, 
Army and Navy medical personnel, experiment station workers, college and 
university staff members, and students of animal biology, a deliberate attempt 
has been made to reduce technical language to a minimum in the hope that 
it may also find a place in school and public libraries and thus be of firsthand 
value to all intelligent citizens who may be interested in natural history, 
sanitation, or public health. The somewhat elementary introduction to taxon¬ 
omy and nomenclature, for example, contained in Chapter V, was written 
with this end in view. 

Work on the manuscript began during the final year of World War II, but 
the greater portion of the actual writing has been accomplished since the 
author’s return to civil life. 

Thanks are due to General George R. Callender, formerly Assistant Com¬ 
mandant of the Army Medical School, and to Doctor Paul F. Russell, then 
Chief of Parasitology, Army Medical School, for the use of facilities at the 
Army Medical Center, including permission to maintain a large colony of 
Musca domestica and to utilize the services of U.S. Army technicians. 

Without the use of library facilities at Cornell University, the completion 
of the book would have been virtually impossible. In this connection, the 
author especially wishes to express his appreciation for the personal assistance 
of Doctor Marjorie Ruth Ross, librarian in the Entomological Department. 

For many years Doctor Robert Matheson, now Emeritus Professor of Ento¬ 
mology at Cornell University, has assisted his former students with helpful 
criticism and sound advice. The author is especially grateful for the use of 
Doctor Matheson’s laboratory during the summers of 1946 and 1947 and for 
permission to consult his private collection of entomological books and papers. 

For unrestricted access to the Cornell University collections, for office space, 
and for the use of optical and other equipment during two summers, thanks 
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are due to Doctor Charles E. Palm, Head o£ the Department of Entomology 
at Cornell University, and to Doctor Henry Dietrich, curator of the collection. 

The author is particularly grateful to Doctor Walter H. Schaefer, of the 
Department of Biology at Northern Michigan College, for the critical reading 
of several chapters and for numerous helpful suggestions. Acknowledgments 
are also due Mr. Walter Forsberg, for painstaking work in connection with 
the preparation of the illustrations, in which Mrs. Donald MacVean and Miss 
Betsey West also assisted. The author likewise wishes to thank Miss Alice 
West for her very welcome assistance in preparing the bibliography for the 
publisher. 

Special thanks should be accorded the author’s wife, Beatrice Ryan West, 
for her wise counseling as to arrangement and style, and for the unselfish 
devotion of her time ro the reading and correction of the proof. 

Luther S. West 

Marquette, Michigan 
November, /950 
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CHAPTER I 


Flies and Men: 
Introductory and Historical 


And there came a grievous swarm of flies into the house of Pharaoh, and into his 
servants’ houses, and into all the land of Egypt, and the land was corrupted by this 
liind of flies.—Exodus 8:24 (Douay version) 

H OUSEFLIES and related species appear to have forced themselves upon 
the attention of man in all periods of recorded history. That flies were 
a nuisance and a menace to health among ancient peoples is borne out not 
only by the above quotation but by numerous other sources. 

Herms (1944) points out that as early as 1577 Mercurialis took note of the 
habits of flies as they passed back and forth between individuals ill of plague 
and the food of healthy persons, and suggested that the “virus” of the disease 
was possibly transmitted in this way. Herms also calls attention to the opinion 
advanced by Soares de Souza in 1587, and again by Bancroft in 1769, that flies 
might have to do with the transmission of yaws, the experimental demonstra¬ 
tion of which was not forthcoming until the work of Castellani, in 1907. 

Sydenham in 1666 made die observation that if insects, and especially house¬ 
flies, were abundant in summer, the fall months were usually unhealthy. 

It appears that Montfils in 1776 considered flies as possible distributors of 
anthrax, though it was not until nearly a hundred years later that Raimbert 
(1869) caused the disease in guinea pigs by inoculating them with a suspension 
of pulverized wings, proboscides, and other parts of the bodies of nonblood¬ 
sucking flies. 1 

1 While experimental procedures of this type have little, if any, direct bearing on the 
possibility of transmission in nature, they have their place in demonstrating that the 
pathogen is actually on or in the body of the insect host, and lead the way to a more 
precise understanding of how transmission may, in fact, rake place. Thus, while it is 
generally conceded that some lesion or abrasion must exist for the anthrax bacillus to 
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In 1824 a case of gastric myiasis was reported in an English lady, and though 
the descriptions of the maggot are exaggerated and even fantastic, there seems 
no reason to doubt the authenticity of the observation itself (Lelean, 1904). 

In 1871 Sir John Lubbock (later Lord Avebury) warned that flies which 
alight on decomposing matter carry such material with them through the air, 
and in the same year Leidy published, in the Proceedings of the Academy of 
Natural Sciences of Philadelphia, his convictions that flies were important in 
the spread of gangrene in hospitals during the American Civil War. 

In 1873 Nicholas published a short note entitled “The Fly in Its Sanitary 
Aspect,” and from this time on there appears to have been increasing attention 
paid to the possible association of flies with disease, though scientific interest 
in the subject did not come sharply to a focus for another twenty-five years. 

Thorough study of the life history of the housefly began around 1896, with 
the work of L. O. Howard, who continued his observations for many years 
and repeatedly called attention to the fly’s potential vectorship of filth- and 
food-borne disease. It was Howard who strongly advocated the designation 
“typhoid fly” as most appropriate for a species of such feeding habits. 

Particular attention was directed to Musca domestica as a disease carrier 
during the period of the Spanish-American War. American troops suffered 
greatly from malaria, yellow fever, and typhoid, and though various species 
of mosquitoes came to be identified as the only vectors of yellow fever and 
malaria, enteric infections such as cholera, typhoid, amoebiasis, bacillary dys¬ 
entery, and the milder diarrheas were clearly recognized as filth-borne infec¬ 
tions. The prevalence of typhoid fever particularly forced the medical 
department of the army to give careful attention to all possible factors that 
might be concerned with the spread of enteric diseases, and the housefly was 
found to be of great importance in this connection. Doctor V. C. Vaughan 
(.1899) made the telling observation that flies, crawling over the food of sol¬ 
diers, frequently carried on their legs and bodies particles of lime which they 
could have picked up only while feeding on feces in latrines. 

British medical authorities encountered similar health problems and made 
similar observations in connection with the South African wars. 

By this time interest in the medical importance of the housefly was becoming 
widespread, and in 1907 Newstead published his preliminary report on the 
habits, life cycle, and breeding places of the common housefly, Musca 
domestica, as observed in the city of Liverpool. Newstead made various sug- 

gain access to the human host, it is just such lesions or abrasions to which nonbloodsuck¬ 
ing flies are naturally attracted and into which by proboscis, feet, or fecal droplet they 
may easily introduce the organism concerned. 
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Figure l. Dorsal view of Musca domestica, male specimen. (Photograph by N. A. 
Cobb; copyright, National Geographic Society.) 
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gestions as to the best means of checking its increase, and followed with other 
reports containing additional data in 1908 and 1909. 

Also in 1909 Nuttall and Jepson published a summary of existing knowl¬ 
edge concerning the transmission of infective diseases by nonbiting flies, with 
particular emphasis on typhoid and cholera. Their paper includes the follow¬ 
ing significant statement: “In potential possibilities the droppings of one fly 
may, in certain circumstances, weigh in the balance as against buckets of 
water or of milk.” 

Thus, during the early years of the present century, the occurrence of 
enteric infections came to be associated more and more, in the minds of 
thoughtful people, with the presence of filth-feeding flies. This association 
was and is particularly evident in temperate regions during the late summer 
and early fall when flies, more than any other factor, appear to be responsible 
for the rise in frequency of such infections. 

But a convinced attitude is by no means general even today, and that many 
human beings actually harbor a friendly feeling for the fly, at least under 
certain circumstances, cannot be denied. When not excessively numerous their 
presence has usually been not only tolerated but even “enjoyed”! Witness 
references to “tickling little baby’s nose” in the lighter poetry of grandma’s 
day! Again, the esthetic pleasure one derives from the hum of flies on a hot 
summer afternoon is known to all who have a love of rural things and who 
recall with nostalgic clearness the sounds as well as the sights and smells of a 
childhood that did its daydreaming in the setting of a sunlit barnyard or 
vine-covered veranda where insect life seemed as inevitable a part of nature’s 
background as were sunshine, clouds, and rain. 

This very association of flies with agricultural and domestic environments, 
however, serves to remind us that broadly speaking man himself has made 
the housefly (Cobb, 1910b). For, if it were not for the food, protection, and 
breeding places found about human habitations, Musca domestica might be 
a rare and unusual species today. It is, in fact, becoming so in communities 
where the stabling of animals is forbidden and garbage is promptly removed; 
were it not for the unbelievable fecundity of the few who manage to be about 
during the spring and early summer, die hordes that characterize late summer 
and early fall in so many regions of the world might well become insignificant, 
at least in the more urban communities of temperate zones. 

The world as a whole, however, is far from realizing this degree of progress, 
and just as millions of the inhabitants of Egypt, Palestine, Arabia, and other 
Near Eastern lands live, dress, and carry on generally much as did their an¬ 
cestors some two or three thousand years ago, so do flies furnish a buzzing 
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accompaniment to it all, while babies die of dysentery almost as monotonously 
as in the days of Joshua, Herod, or Mohammed! 

CHANGING ATTITUDES 

We have seen how ancient and medieval peoples suffered from fly-borne 
scourges in their day and how not a few comprehended the relationship be¬ 
tween the presence of many flies and the prevalence of human disease. This 
was true before the etiology of specific enteric diseases was even remotely 
understood. With the work of Louis Pasteur and the growth of the germ 
theory of disease, more exact concepts of the role of flies in disease transmis¬ 
sion were made possible, and attention came to be focused sharply upon the 
nonbloodsucking filth-feeding Diptera, of which Musca domestica is the best 
known and most important. 

To give a more understandable picture of the evolution of human attitude 
toward sanitary science in general and fly-borne infection in particular, I shall 
review briefly the changes in public opinion in the United States from the 
colonial period to the present time. 

The Period of Friendly Tolerance (Early Times to ?) 

This period lasted a long time and has never really been terminated. As 
Doane (1910) puts it, “A few of them [flies] were nice things to have around, 
to make things seem homelike. . . . Those that were knocked into the coffee 
or the cream could be fished out; those that went into the soup or the hash were 
never missed.” He goes on to point out that flies were considered splendid 
things with which to amuse the baby! The fact that they fed frequently on 
refuse of all kinds gave them a favorable reputation as scavengers, and when 
they had finished these “duties” they gave an impression of great cleanliness 
by assiduously brushing their heads and bodies with their legs. 

Not until the rise of the science of bacteriology could it be otherwise. Most 
people had no concept of the existence of microorganisms, to say nothing of 
their exceedingly small size and the possibility that a million or more might 
be carried at the same time by a single insect. And wherever man is ignorant 
today, the same attitude prevails. Neither is such ignorance confined to the 
tribesmen of Africa or Arabia, or the inhabitants of the Pacific isles. Within 
the shadow of the great universities of highly civilized peoples, the masses 
know little of these things. Protected as most of us are by the existence of 
well-drawn ordinances and the watchful eye of organized health departments, 
we subscribe to the generally accepted practices of the community, with 
scarcely a thought as to the rationale of our procedures or the costly historical 
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experiences that lie back of the relative security we now enjoy. We coast on 
the momentum imparted by our predecessors. Realizing this, we have little 
right to be critical of the complacence of our great-grandfathers. They made 
the most of their environment and got some enjoyment from it, even if they 
did pay a great price in a high infant mortality and unnecessary infections 
throughout their lives. 

The Period of Incrimination (1875-1900) 

This period has its roots much farther back. As usual with the growth of 
new convictions, scattered investigators were far ahead of the general public. 
Interesting facts regarding the existence and distribution of microorganisms 
were recorded in laboratories and published in technical journals, but there 
was little or no publicity in the popular press; physicians continued to be much 
more interested in treating the sick than in preventing sickness, and not a 
few were frankly skeptical of the whole germ theory of disease. 

It is difficult to say how long this state of affairs might have continued had 
not stern necessity served to arouse popular opinion and focus attention upon 
what should have been obvious. The experiences of American soldiers during 
the Spanish-American War and of British military units in South Africa 
provided the stimulus. The findings of military commissions were not only 
made the basis of real changes of policy in military administration but were 
echoed and re-echoed in daily press and other popular literature until even the 
man on the street became at least dimly aware of the cause of typhoid fever 
and other intestinal disorders, of the necessity for prompt and proper disposal 
of human excrement, and of the great capacity of filth-feeding flies to convey 
contamination to human food. 

The Period of Popular Education (1900-1915) 

Real education of the public was achieved during the period between 1900 
and 1915. Government bulletins and circulars, reports of state entomologists, 
and other publications more or less reliable found their way into the public 
schools and were made the basis of indirect education in the home through 
the medium of the children. Farmers and others took to screening windows, 
to improving the condition of privies, and to providing the latter where none 
had existed before. Real progress was made, especially in the field of keeping 
flies away from foodstuffs. Keeping them from feeding on filth was of course 
more difficult, and any general attempt to prevent their production by special 
handling of the manure produced on farms was rather far in the future, but 
the educational idea was sound, public understanding was improving, and it 
was a period of increasing regard for public health. 
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The year 1910 witnessed perhaps the greatest concentration of published 
titles dealing with the housefly of any year before or since. Popular magazines 
and daily newspapers carried stories and articles calculated to arouse public 
interest, while more technical journals in the field of medical and biological 
science contained serious discussions and reports of scientific observations. 
Emphasis was strongest on public health education, and it was certainly 
needed. 

There seems, however, to have been an overselling of the idea. Once an 
intelligent citizen has been convinced of something, he does not particularly 
care to hear or read an endless repetition of the argument. He would much 
prefer to be treated to additional and more helpful facts. This period reminds 
us of the thirty years following the publication of Darwin’s Origin of Species 
(1859). There was then much excitement and controversy over the evolution 
idea, but real research was crowded into the background and the relatively 
few high-grade investigations that got into print were largely ignored by pro- 
Darwinians and anti-Darwinians alike. The neglect of Mendel’s discovery of 
dominance, segregation, and independent assortment is a case in point. Not 
until a new generation arose was emphasis on laboratory and field experiment 
properly restored, resulting as everyone knows in the birth of the science of 
genetics and a scientific approach to evolutionary problems. 

And so with sanitary science in the early years of the present century. This 
was not the fault of the leaders in scientific research, who endeavored earnestly 
to maintain a proper balance between the popular and the technical, and took 
care not to neglect the latter. L. O. Howard, as chief of the Bureau of Ento¬ 
mology, U.S. Department of Agriculture, planned and encouraged researches 
on the life history and ecological relations of flies, especially as related to pos¬ 
sible methods of control. At the same time he wrote many popular articles, 
and finally combined the educational and technical most successfully in his 
volume The Housefly, Disease Carrier . . . (1911a), which has been referred 
to elsewhere. C. G. Hewitt published many items, both in British and Cana¬ 
dian journals. Hewitt’s efforts culminated in 1914 in a dual release, consisting 
of his four-hundred-page monograph, The Housefly Musca domestica Linn., 
and a smaller, nontechnical volume, House-flies and How They Spread 
Disease. E. E. Austen, who published several technical papers on the relation 
of flies to disease, was content to prepare, for the general information of the 
public, a single pamphlet 2 that included instruction in current methods of 
control. During this period Graham-Smith conducted several investigations 

2 This document (1913) was made the basis for later releases under similar titles in 
1920, 1926, 1928, and 1939, the last revised by Professor Smart. 
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on the bacterial flora of fecal-feeding flies and brought together his extensive 
knowledge of the morphology, life history, and medical importance of non¬ 
bloodsucking Diptera in the well-known volume published in 1914. 

W. S. Patton seems to have made no attempt to popularize the subject at 
any time in his career. As a matter of fact, most of Patton’s excellent contri¬ 
butions were published at least a decade later. 

But once popular interest had been aroused, imagination tended to outstrip 
the facts. The housefly seems to have become regarded by journalists as the 
criminal of the ages, and its elimination or suppression was heralded as the 
panacea for most human ills. 

Conservative educators, physicians, and others naturally resented this ex¬ 
treme attitude and endeavored to substitute a moderate viewpoint. Some even 
opposed the whole idea of fly-borne disease on the grounds that there was a 
scarcity of exact scientific proof. Controversy raged. Research was neglected, 
or the results of investigations were twisted to support previously established 
prejudice. Finally the reading public grew tired of sensational publicity in 
which repetition was the most outstanding feature. When war came to Europe 
in 1914 it provided new interests for both editors and readers, and the period 
of excessive publicity for the fly and her misdemeanors was at an end. 

The Period of False Security (1915-1940) 

It might almost be said that public interest collapsed like a pricked balloon. 
Scientific research also did a little resting on its oars. The monographs had 
been written, and an era had come to an end. Protection from typhoid and 
paratyphoid was available in the form of vaccines and this assured the safety 
of the troops in the field; at least it was supposed to do so. Civilian populations 
particularly tended to be neglectful of conditions that a decade earlier they 
would not have been allowed to forget. Sporadic attempts were made by 
state health and education departments to maintain sanitary instruction in the 
schools, but in America, at least, there was a peculiar and not easily under¬ 
standable trend away from health education generally, so pronounced that a 
generation may be said to have grown to maturity without even the most 
elementary knowledge of the physiological activities of their own bodies. It 
was a generation of specialists, and only the specialist in applied biology was 
expected to acquire such knowledge or to have use for it. 

The twenty-five-year period of which we are speaking may be divided into 
three successive parts: (a) the period of World War I, (b) the period of post¬ 
war prosperity, and (c) the period of depression and social legislation. 

Considerable interest in medical entomology was stimulated of course by 
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Figure 2. Anterior view of the head of Musca domestica; male specimen. The oral 
disc is thrust forward and slightly upward, thereby disclosing the prestomal cavity, 
between the two labella. (Photograph by N. A. Cobb; copyright, National Geographic 
Society.) 
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World War I, the bloodsucking species of insects being chiefly responsible. The 
prostration by malaria of both Allied and German armies in the region of the 
Dardanelles, and more particularly in Greek Macedonia, for approximately a 
two-year period called renewed attention to the role of the anopheline 
mosquito in the dissemination of the world’s most important parasitic disease, 
while the relation of the body louse to both typhus and trench fever com¬ 
manded the attention of a number of the world’s leading medical officers and 
entomologists. Diseases capable of transmission by filth-feeding insects were 
of secondary importance, largely because the bulk of the fighting took place 
in geographical areas where such infections have rarely been of paramount 
interest. 

Of course military authorities were faced with the usual problems created 
by the milder diarrheas, and in certain regions the more serious dysenteries 
gave concern. Dudgeon (1919) pointed out that in Macedonia these diseases 
were most prevalent when flies were most abundant, with the incidence of dis¬ 
ease showing an appropriate lag behind the peak of fly production. Thus the 
marked increase in flies during April and May was associated with much dys¬ 
entery in May and June. Similarly a second seasonal increase in flies, from Sep¬ 
tember through November, was followed by dysentery of equal severity. 
Again, Buxton (1920) found in lower Mesopotamia that the housefly was a 
major factor in the distribution of intestinal disorders, as shown by the fact that 
over 60 per cent of the flies captured carried human feces. Four per cent car¬ 
ried human intestinal parasites; 0.5 per cent, Endamoeba histolytica. He stated 
that this was considered a “well-sanitated” area, but that bowel disorders were 
regrettably numerous. 

J. N. Ross (1916), in giving his impressions of the Gallipoli campaign, stated 
that infections were undoubtedly transmitted by flies to the food consumed 
by the troops, since it was impossible to keep the food fly-free. Likewise Taylor 
(1919), in his study of bacillary dysentery in the Salonica Command, noted 
that the incidence of the disease corresponded with the prevalence of flies, be¬ 
ing greatest from spring to early summer and again from late summer to 
early fall. Taylor experimented with both Flexner and Shiga bacilli and 
determined that houseflies could carry both types. He also found a certain 
percentage of wild-caught flies harboring dysentery bacilli. 

A somewhat belated publication by Simmons (1923) called attention to 
severe epidemics of dysentery, influenza, and pneumonia among the personnel 
of the American Expeditionary Forces in the Department of Landes, in south¬ 
western France, in 1918. There had been considerable neglect in regard to 
sanitary matters, and flies abounded. Simmons considered the severity of the 
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influenza and pneumonia outbreaks to be due in part to the weakening of the 
men by fly-borne dysentery. It is interesting to note that Simmons advocated 
the utilization of professional entomologists in the capacity of commis¬ 
sioned officers, a policy that was to be employed very successfully in World 
War II. 

Nevertheless, as mentioned previously, a sense of security had been estab¬ 
lished by the discovery of vaccines for typhoid, paratyphoid, and cholera, and 
interest in common flies as disease distributors was at a rather low ebb. This 
disinterest was perhaps but a natural reaction after the very great publicity 
given the “typhoid” fly during the decade between 1905 and 1915. People had 
become a bit surfeited with what one writer called the “repetitious babble of 
sentiment in dealing with flies,” and were doubtless a little relieved to have 
the clamor subside. Then too, the increasing substitution of automobiles for 
horse-drawn vehicles had resulted in a decreased amount of available manure, 
the medium most preferred by the housefly in nature for its breeding activities. 
As city dwellers began to appreciate the desirability of an environment with¬ 
out flies, ordinances were put into effect forbidding or discouraging the keep¬ 
ing of animals within corporate limits, the enforcement of which fell naturally 
into the hands of the responsible few, while the majority of the citizenry ceased 
to feel any serious concern for improving the environment. 

Flies actually emerged from World War I in the guise of friends and bene¬ 
factors! The old observation that wounds which had become flyblown fre¬ 
quently healed more quickly than wounds not so infested bloomed again in 
connection with hot summer days, trench warfare, and the necessity of leaving 
the wounded in no man’s land until darkness made the work of stretcher- 
bearers relatively safe. It was but a step from the observations of the battlefield 
to the deliberate use of sterile maggots for the treatment of stubborn infec¬ 
tions, particularly lesions associated with osteomyelitis. Later discovery of the 
specific secretions (allantoin and urea) by which the larvae accomplished this 
seeming miracle eventually made use of the living maggots quite unnecessary, 
but for upwards of twenty years maggot therapy received enthusiastic sup¬ 
port from a goodly portion of the medical profession. 

The period immediately following World War I saw no very great ad¬ 
vances in the techniques of sanitary science; but in civilized countries and 
especially in urban centers there was achieved a considerable improvement in 
sanitary standards. It was a period of unprecedented prosperity, and many 
families built new homes or moved to better ones. Residences were screened 
that had not before been so protected. Privies were replaced by septic tanks 
in suburban areas, and many communities launched plans for sewage and 
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garbage disposal plants, for removal of pollution from rivers, and for other 
sanitary improvements. 

In strictly rural areas of the United States the only real progress was ac¬ 
complished in connection with dairy husbandry, where legal standards con¬ 
cerning the bacterial content of milk soon demonstrated the economic ad¬ 
vantage of a dairy barn being as free as possible from contaminating flies. In 
most of the warmer countries of the world relatively little attention was given 
to fly sanitation, though the Health Organization of the League of Nations 
sponsored the publication of a number of researches, and some excellent studies 
were carried on by experimental workers in various European countries. 

The economic depression that began in 1929 and continued for nearly ten 
years demonstrated how intimately sanitary practices relate to the standard of 
living. Unemployed families drifted from urban centers to abandoned farms 
and attempted subsistence farming, often unsuccessfully. Families that had 
been accustomed to screens and sanitary plumbing found themselves living 
in tar-paper shacks in backwoods areas under truly primitive conditions. 
Those who did not migrate found property maintenance increasingly difficult, 
and gradual demolition of habitations and other buildings was the inevi¬ 
table result. Fortunately, before too long, social legislation was passed which, 
though costly in the extreme, saved large fractions of the population from 
destitution and malnutrition and probably from epidemic disease as well. 
Employment was created for millions, and in many cases municipalities were 
assisted to complete hospitals, sewage disposal pflants, and other health- 
conserving enterprises. 

Sanitary standards were clearly on the upgrade when hostilities broke out in 
3939. Even so, the military leaders of the various belligerent nations were far 
from being adequately prepared to cope with the sanitary problems of World 
War II. As in all previous wars, casualties from disease greatly exceeded in 
number the casualties from battle. Victory for either side depended, more than 
civilians realized, on the solution of health problems among the troops, and no 
expense was spared in the race to control malaria, filariasis, typhus, and the 
dysenteries. It was a period in which medical entomology became once more 
a field of vital interest. 

The Period of Stern Necessity (1940-1945) 

With the advent of World War II, attention became focused very abruptly 
upon the tropics in which, for a time at least, it appeared that the bulk of the 
fighting must take place. Malaria, filariasis, scrub typhus, and schistosomiasis 
each occupied the center of the stage in definitive areas, but dysentery, espe- 
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Figure 3. Right lateral view of the head of Musca domestica. Antennae and proboscis 
are particularly well shown. Both structures are important in sensory perception. (Photo¬ 
graph by N. A. Cobb; copyright. National Geographic Society.) 
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daily of the bacillary type, was recognized in almost all theaters as a serious 
military problem. Contaminated food or water was always involved. In the 
moist tropics flies were not as great a factor in this contamination as in the 
countries usually described as “hot and dry” (Egypt, Arabia, Iraq, and Iran). 

The sanitary habits of native populations proved to be the principal stum¬ 
bling block in achieving satisfactory fly control. Good discipline could and did 
insure proper disposal of human waste where military personnel were con¬ 
cerned, but education of the natives was often difficult, sometimes impossible. 
In this, the troops of the U.S.S.R. which guarded the northern end of the 
supply route into their country from the Persian Gulf were perhaps most 
successful, though the methods there employed were sometimes severe to the 
point of ruthlessness. 

In areas of active hostilities, where sanitary practices inevitably break down 
at least to some extent, the direct use of insecticidal sprays constituted the 
sanitarians’ principal tool—pyrethrum, lethane, or thanite about mess halls 
and barracks, and sodium arsenite for treating unburied cadavers and the 
bodies of animals. 

The advent of DDT proved a veritable godsend to medical department 
officers and changed the picture materially during the latter period of the 
war. The unusual residual effect that characterizes this insecticide causes most 
surfaces to remain toxic to flies and other insects for many days, sometimes 
months, after a single application. The properties and shortcomings of DDT 
will be discussed at length in another chapter. It is sufficient to say that, both 
during the war and since the cessation of hostilities, many large-scale investi¬ 
gations have been carried out at experiment stations, by government agencies, 
by commercial interests, and by private individuals in various parts of the 
world, and that economic entomology has most assuredly entered a new period 
of endeavor by reason of the development of DDT and compounds related 
to it. 

Aftermath and Outlook (1945 on) 

There is no doubt but that our scientific knowledge of medical entomology 
is now far greater than it has ever been. Our weakness lies in the fact that 
this knowledge is locked in the minds and filing cases of comparatively few 
people. It should be a challenging fact that during the past quarter of a century, 
while scientific data concerning the biology of medically important species 
has grown apace, popular education concerning insect-borne diseases, which 
as we have said reached almost artificial heights before 1915, has been per¬ 
mitted to languish. The average citizen in the United States today, though 
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far better educated generally than his predecessors of a generation previous, 
is often quite lacking in the most elementary knowledge of medical ento¬ 
mology and its significance in human welfare. Flies, to be sure, are regarded 
as undesirable for esthetic reasons, and this is excellent as it leads to their 
general suppression, especially in more cultured homes. The proper rationale, 
however, is lacking in most instances, and people tend therefore to be satisfied 
merely with a reduction in numbers, not realizing that a single specimen at 
the picnic table may be the carrier of typhoid bacilli just obtained from human 
feces or of tubercle bacilli from sputum deposited nearby. 

What is needed is a reawakening of individual responsibility in this, as in 
so many other fields of human interest. It is the author’s hope that in a very 
modest way the present volume will contribute to that end. 

PURPOSE AND SCOPE OF THE PRESENT WORK 

The chapters that follow will treat of the biology of Musca domestica and 
other filth-feeding flies from a number of important aspects. External mor¬ 
phology will be discussed in sufficient detail to make clear all structures used 
in species recognition. Internal morphology will be given equal consideration, 
as basic to an understanding of food habits, reproduction, and adaptation to 
environment. The taxonomic relation of Musca domestica to others of the 
genus and to muscoid species generally will he discussed in some detail, in 
accordance with accepted principles of zoological classification, especially as 
employed by students of the Order Diptera. 

The economic, medical, and public-health aspects will of course be given 
major emphasis. External and internal morphology will be interpreted in 
terms of structures favoring dissemination of infectious organisms. The life 
history of the fly will be scrutinized in terms of ecological factors that make 
possible both the multiplication of the species and the distribution of disease. 

Methods used in research procedures will be described, and the value of 
Musca domestica as an experimental organism will he given due consideration. 
All known methods of fly control will be listed and the more valuable proce¬ 
dures will be discussed at length. Natural or biological control measures will 
be contrasted with artificial methods both on an emergency and on a long- 
range basis. 

It is sincerely hoped that the reader, by reason of this many-sided approach, 
may not only acquire a deeper insight into some of the “defects” of our modern 
civilization but may also gain a better appreciation of the need, not only for 
unlimited research, but also for constant educational effort in the field of 
public health. Should the nations of the world again take up arms against 




Figure 4. American public health educators. Upper left: W. B. Herms. Lower left: 
W. A. Riley. Upper right: O. A. Joha nnsen. Lower right: Robert Matheson. These 
scholars, each a distinguished investigator in his own right, found time in the midst of 
strenuous careers to compile the immense and widely scattered literature in the field 
of medical entomology and so render important information available to American 
students and clinicians. Sufficient recognition is rarely given to this type of service. 
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one another we may well look for the widespread destruction of most of 
those sanitary conveniences that now render our lives reasonably safe from 
communicable disease. Without sewers or water mains we would soon be 
surrounded by filth-borne organisms of many kinds, some of them of the 
most dangerous kind. And should the enemy resort to biological warfare, the 
list of dangerous protozoa, bacteria, viruses, and rickettsias against which we 
would be obliged to protect ourselves might be unexpectedly long. It is quite 
conceivable that insects, including flies, might be intentionally employed on 
an extensive scale by belligerent nations to introduce disease among stricken 
populations. In such a setting, medical entomology would hold at least as 
important a place as it has ever held in the history of the race. 

The present compilation is probably justified for no other reason than that 
well over two thousand references to Musca domestica have appeared in the 
literature since the publication of any comprehensive monograph in the Eng¬ 
lish language. 3 Should a more practical justification be demanded, however, 
such can undoubtedly be found in the enormous amount of human suffering 
that has existed and will exist as a result of the natural activities of common 
flies. 


BLOODSUCKING AND NONBLOODSUCKING FLIES 

Since there is always confusion in the minds of many as to whether com¬ 
mon flies can “bite,” it may be well to point out that medical interest is about 
equally divided between the bloodsucking and nonbloodsucking forms. In the 
first category are the mosquitoes with their known relationship to malaria, 
yellow fever, dengue, and filariasis. Somewhat related to the mosquitoes are 
the sand flies ( Phlebotomus) and the punkies (Culicoides). The first genus 
carries pappataci fever, verruga, and several types of leishmaniasis. The latter 
is the vector of two rather benign tropical roundworms, Acanthocheilonema 
perstans and Mansonella ozzardi. Flies of the genus Simulium convey the 
tropical roundworm Onchocerca volvulus, while the tabanid genus Chrysops 
is intermediate host for Loa loa. Both Chrysops and Tabanus are known to 
be mechanical transmitters of tularemia. Among the muscoid flies, Glossina 
is the well-known vector of African trypanosomiasis (several kinds), the same 
parasites being also capable of mechanical transmission by the stable fly, 
Stomoxys. 

3 Dr. Mathias Thomsen’s comprehensive report of researches on houseflies and stable 
flies, published in Danish in 1938, is a valuable and beautifully illustrated work. In 
Spanish, the modest but very practical volume by Dr. Luis Najera Angulo, published in 
1947, is highly informative, especially in regard to inexpensive methods of control, 
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Over and against these bloodsucking species are the various genera of filth¬ 
feeding and filth-breeding flies. The genus Musca, concerning which this 
volume has most to do, is unquestionably the most important. But there are 
other genera of more or less similar habit. Species of Calliphora, bucilia, 
Phormia, Muscina, Anthomyia, Fannia, and Sarcophaga are attracted both by 
foul substances and by odors of the human table, and thus have frequent op¬ 
portunity to transmit pathogenic organisms by mouth parts, feet, fecal dis¬ 
charges, and body hairs. 

The particular diseases capable of transmission by nonbloodsucking flies, 
while not as many as those conveyed by biting species, probably involve at 
least as large a portion of the earth’s surface, and before the development of 
typhoid and cholera vaccines ran a strong race in the matter of mortality. 
Even today there is no more frequent cause of infant death in the entire world 
than the intestinal infections. This is particularly true in the drier countries 
of western Asia. 

In addition to the role played by adult flies in the dissemination of filth- 
borne infection, we have the spectacle of some twenty or thirty species mani¬ 
festing the ability to spend the larval period as parasites upon or within the 
human body, where they cause more or less anxiety, discomfort, and distress. 
With almost no exception, these are the larvae of forms that are nonblood¬ 
sucking in the adult state, a fact that considerably increases the medical im¬ 
portance of the nonbloodsucking groups. If we add to this list the botflies of 
domestic animals and of the game animals in which man is interested, the 
medical and veterinary importance of the nonbiting Diptera becomes signifi¬ 
cant indeed. 



CHAPTER II 


External Morphology 

INCLUDING THE ORGANS OF COPULATION AND OVIPOSITIQN 


Something in the insect seems to be alien to the habits, morals and psychology of 
this world, as if it had come from some other planet, more monstrous, more ener¬ 
getic, more insensate, more atrocious, more infernal than our own.—Maurice 
Maeterlinck, J. H. Fabre et son oeuvre 

I F IT were possible to enlarge a fly to the size of a mastodon, the full impli¬ 
cation of the above quotation would be apparent to all concerned. Accord¬ 
ing to his temperament, the observer might well be astonished, delighted, or 
even terrified as the functional significance of the creature’s locomotor, sen¬ 
sory, and ingestive structures dawned upon his consciousness. Even one who 
has observed this and related species through the microscope hundreds and 
perhaps thousands of times never quite gels used to viewing the monster with 
her all-seeing eyes, her sensitive, aristate antennae, and the host of bristles and 
spines which adorn almost every part of her exterior. The following account 
of the fly’s superficial structures is not written, however, to stimulate the 
imagination. It aims merely to acquaint the reader with those anatomical 
terms that will best serve him in his subsequent understanding of the fly’s 
taxonomic position, behavior, and relation to disease. 

A word as to the fly’s place in the animal kingdom will be in order. The 
housefly is first an insect, and as such manifests all the important morpho¬ 
logical features of the Class Hexapoda. Second, it is an arthropod, lacking none 
of the structures characteristic of that phylum. Beyond this, the fly is an animal, 
whose sensory, locomotor, food-taking, and reproductive structures adapt it, 
after the manner of all species, for successful continuance within a limited 
variety of environmental conditions. 

It should be remembered that a knowledge and understanding of external 
body characters is basic to an appreciation of all other aspects of an animal’s 
biology. Determination to genus and species depends, primarily, on externally 
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visible structures. Size, shape, and structure of the mouth parts determine the 
feeding habits of the species and indicate at once whether it is a consumer of 
solid or liquid materials, a parasite, or a scavenger. The presence or absence 
of wings and their number and character, when present, not only assist in 
classifying to group but permit a fairly accurate conjecture as to the nature of 
locomotion and the probable migratory range. Hairs, tubercles, and the 
glandular apertures sometimes associated with them have a very real connec¬ 
tion with the mechanical transmission- of disease organisms, while the same 
structures, if borne on the feet, serve to determine the type of surface (rough, 
smooth, vertical, inverted) over which the insect can successfully make its way. 

GENERAL DESCRIPTION 

Musca domestica is a medium-sized, mouse-gray insect, usually 6 to 7 mm. 
in length, with a wing span approximately twice this distance. When at rest, 
however, the wings are directed somewhat posteriorly, so as to give to the fly a 
triangular appearance when viewed from above. The wings, otherwise clear 
and transparent, are somewhat yellowish at the base. 

As with some 750,000 other species of insects, the fly’s body is composed of 
three easily recognized parts: (1) the head, a subspherical unit of which the 
most conspicuous feature is a pair of relatively enormous compound eyes; 

(2) the thorax, or central portion, which bears both legs and wings; and 

(3) the abdomen, which consists of five readily visible segments and which 
terminates in structures peculiar to the sex of the individual. Head, thorax, 
and abdomen are of approximately equal width (1.9 to 2.2 mm.), but both 
neck and waistline are remarkably reduced, the former especially, an arrange¬ 
ment that provides for extreme flexibility and permits almost complete rota¬ 
tion of the head. 


THE HEAD 

In anterior view (Fig. 2) the following head structures may be seen: The 
large compound eyes, purplish brown in color, occupy either side of the head 
and appear very slightly bean-shaped, due to the faintly sinuous outline of 
their inner margins. The surface of each compound eye is divided into ap¬ 
proximately 4,000 facets, each irregularly hexagonal in outline. Each facet 
functions as a lens, permitting light to stimulate the visual unit (ommatidium) 
immediately beneath. In the housefly the surface of the compound eye is free 
from hair. Certain related species show marked pilosity. At the very top of 
the head (vertex), situated in a small triangle with the point directed forward, 
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may be seen the three ocelli, or simple eyes, the surface of which is not divided 
into facets. Extending from the vertex forward to the base of the antennae is 
a dull-black stripe, the frontal vitta. In male specimens the vitta practically 
fills the space between the eyes. In females the front is much wider, and though 
the vitta is much wider also, particularly above, there remains on either side 



Figure 5. Miuca domestica. Cephalic views of head. Lejl: Male. Right: Female. 1, 
compound eye; 2, postvertical bristles; 3, inner vertical bristle; 4, outer vertical bristle; 
5, front; 6, frontal suture; 7, frontal lunule; 8, sides of face; 9, facial ridge; 10, cheek 
(gena); 11, antenna; 12, inner vertical row of frontal bristles; /j, labella; 14, palpus; 
15, oral vibrissae. 

a definite area of a light golden color, separating the vitta from the eyes. These 
sides of the front are continuous with the “sides of the face,” which in males 
extend but a short distance upward from the facial depression. The lower 
portion of the face, on either side, consists of' a rather swollen area, the gena, 
which is easily recognized by the large number of downwardly directed, 
bristly hairs. The genae are sometimes referred to as cheeks and are approxi¬ 
mately one-third of the eye height. 

The two antennae lie in the facial depression, already mentioned. The basal 
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segment, close to the frontal vitta, is ringlike and quite obscure. The second, 
twice as long as broad, is blackish brown in color and bears a number of 
irregular, short, black hairs, one stouter and longer than the rest. The second 
antennal segment is distinctly cleft on the outer side. The third segment, fully 
four times as long as broad, is shaped somewhat like a fat knife blade. It is 
dark in color and is covered with a fine silvery-golden pile. Near its base and 
slightly external to the anterior edge arises the bristlelike arista, as long as the 
antenna itself and bearing, both above and below, fairly long hairs ( spinulae ) 
that make the arista more conspicuous than the segment to which it is attached. 
The usual arrangement for these spinules is seven above and five below. The 



Figure 6. Important sensory structures. Left: Antenna (right side), showing three 
segments and plumose arista. Right: Several facets from the surface of a compound eye. 
1, scape; 2, pedicel; j, first flagellar segment; 4, arista; 5, hairs of arista; 6, individual facet. 


distal third of the arista is bare, as is the under surface near the base. The 
arista itself is actually three-segmented, but the two basal units are so tiny that 
one or both may be easily overlooked. The whole structure is usually inter¬ 
preted as homologous with the fourth, fifth, and sixth segments of more 
primitive antennal types. The antennae of houseflies are the same in both 
sexes. The three basal segments (Fig. 6) are sometimes called the scape, the 
pedicel, and the first flagellar segment (Patton, 1930). Due to the great ter¬ 
minal development of the last, the arista of houseflies and of a very large 
number of related species comes to be dorsal rather than terminal to this seg¬ 
ment. 

Each antenna lies more or less in a cradle of its own, the triangular facial 
depression being divided by a low but distinct carina, more evident when the 
antennae are removed. 
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The facial ridges mark the boundaries of the facial depression on either side 
and on its lower portion each bears a number of bristlelike, black hairs, the 
strongest of which are designated as oral vibrissae. Slightly external to the 
facial ridge may be seen on either side a definite groove, the ptilinal suture, 
which, curving upward, becomes continuous with its counterpart of the op- 



Figurc 7. Special views of the head. Upper left: Ventral aspect. Upper right: Dorsal 
aspect. Lower left: Lateral aspect. Lower right: Caudal aspect. 1, compound eye; 2, 
third antennal segment; 5, arista; 4, palpi; 5, oral margin; 6, rostrum; 7, haustellum; 
8, labella; 9, ocellar triangle. 

posite side. At the apex of the curve may be seen a diamond- or lunule-shaped 
area where closure is not quite complete. This suture marks the line of disap¬ 
pearance of the ptilinum, a saclike protuberance that assisted the fly in 
extricating itself from the puparium, after which it was withdrawn into the 
head. 
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A distinct “lip” (oral margin) separates the facial depression from the base 
of the proboscis. 

Besides the oral vibrissae, certain other conspicuous bristles have been given 
names. Just behind the ocellar triangle are the two posterior verticals. To the 
right and left of these are the very large inner vertical bristles. Still more 
lateral in position are the robust outer verticals. The ocellar bristles arise from 
the ocellar triangle. The principal pair is directed forward. The heavy rows 
of bristles which mark the lateral margins of the vitta are known as frontals 
(above) and transfrontals (below). Taken together, the frontals and trans- 
frontals are said to constitute the inner vertical row. Between these and the 
compound eyes are the relatively weak frontoorbitals, present only in the 
female. The upper portions of the sides of the face bear a few fine hairs, scarcely 
discernible in the male. 

The posterior surface of the head is termed the occiput. It is everywhere 
more or less hairy. The hairs and bristles that arise close to the base of the 
proboscis are sometimes referred to as the “beard.” The term succiput is some¬ 
times applied to the inferior portion of the posterior surface. 

THE PROBOSCIS 

The proboscis, which when extended for feeding may be as long as the 
head height, can be almost completely retracted, so that sometimes only the 
bulblike oral lobes (labella) are exposed. The extended proboscis may be seen 
to consist of three successive parts: (t) the rostrum, a more or less triangular 
portion (lateral view) with the base attached broadly to the head; (2) an 
intermediate portion somewhat more expanded distally than basally, the 
haustellunr; and (3) the terminal labella, already mentioned. The two labella 
together form a heart-shaped structure that the fly presses against any sub¬ 
stance or surface on which it desires to feed. Parallel transverse ridges 
(pseudotracheae) characterize the free surface of the labella and it is through 
pores in these structures that the food material is drawn into the channel that 
leads to the alimentary tract. A more detailed account of labial structure will 
be given in Chapter III, where a complete discussion of the feeding process 
will be found. 

From the anterior surface of the rostrum arise the two club-shaped maxil¬ 
lary palpi. In the housefly these range from dark brown to black and bear a 
number of irregular, dark hairs. 
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THE THORAX 

The middle portion of the fly’s body is composed of three segments, the 
prothorax, mesothorax, and metathorax, each of which bears a pair of legs. 
Only the mesothorax, however, is adorned with wings, a fact that explains the 
extraordinary development of this segment, especially on the dorsal side. In 
fact, when viewed from above, the thorax of all muscoidean flies appears to 
consist almost entirely of mesonotum. In houseflies this is subdivided as 
follows. 



Figure 8. The proboscis o£ Musca domes! ica, frontolateral view. Lg, labial gutter. 
Other labeling as in Figure 25. (Marheson, Medical Entomology; Comstock Publish¬ 
ing Co.) 


A transverse suture (Fig. 9) separates the prescutum from the scutum 
(Curran, 1934), while a second suture, more posterior, marks the boundary 
line between the mesonotum (proper) and its posterior extension, the scutcl- 
lum. The three areas thus delineated are progressively narrower from front 
to rear, the scutellum having almost the outline of an equilateral triangle. Just 
behind the head, on either side, are the humeral callosities. More posterior, 
opposite the transverse suture are the lens-shaped notopleural areas. Just in 
front of the scutellum on either side is the postalar callus, filling in the postero¬ 
lateral angle of the mesonotum. All surfaces are rather heavily beset with hairs, 
the larger and coarser of which have been given names. Thus the humeral 
callosity bears the humeral bristles, while just behind those are the post- 
humerals. In line with these, but farther back, are the presuturals, while be- 
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Figure (j. Dorsal view of thorax, i, transverse suture; 2, prescutum; 3, scutum; 4, 
scutellum; 5, humeral callosity; 6, notopleura; 7, postalar callus; 8, humeral bristles; 
9, posthumeral bristle; to, presutural bristle; 11, anterior dorsocentral bristles; /2, 
posterior dorsocentral bristles; rj, acrostical bristles; 14, supra-alar bristles; 1$, intra-alar 
bristles; 1(1, postalar bristles; rj, notopleural bristles; 18, discal scutellar bristle; ig , 
marginal scutellar bristles; UC, upper calypter; LC, lower calypter. 


hind the suture, in the same sequence, lie the intra-alars. Postalar bristles 
occupy the postalar callosities. Interior to the posthumerals are the dorsocen- 
trals, while in the medial dorsal position most muscoids have two rows of 
acrostical bristles. These arc represented in the housefly, however, by only a 
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single pair, just in front of the scutellum. Dorsocentral and acrostical bristles 
are referred to as anterior and posterior according to whether they lie before 
or behind the transverse suture. Scutellar bristles are designated as discal or 
marginal, according to position. 


20 



Figure jo. Lateral view of thorax. 1, transverse suture; 2, prescutum; 3, scutum; 4, 
scutellum; y, humeral callosity; 6, notoplcura; 7, postalar callus; 8, propleura; 9, meso- 
pleura; 10, pteropleura; 11, supra-alar groove; 12, hypopleura; /3, sternopleura; 14, 
humeral bristles; 75, posthumeral bristles; / 6, presutural bristles; /7, supra-alar bristles; 
18, postalar bristles; 19, intra-alar bristles; 20, anterior dorsocentral bristles; 21, posterior 
dorsocentral bristles; 22, discal scutellar bristles; 23, marginal scutellar bristles; 24, 
notopleural bristles; 2j, mesopleural bristles; 26, sternopleural bristles; 27, propleural 
bristle; 28, postalar bristles. B, base of wing; C 1, 2, 3, Coxae of prothoracic, mesothoracic, 
and metathoracic legs; H, halter; S, spiracles. 

In general it may be said that the chaetocaxy of Musca domestica is much 
less definite than that of certain other muscoid flies, specifically Calliphora, 
Sarcophaga, and various genera of the family Tachinidae. 

In lateral view the thoracic structure appears somewhat more complicated; 
nevertheless, the various sclerites are not difficult to recognize. Pronotum, 
notopleura, humeral callus, mesonotum, and scutellum are easily differen¬ 
tiated. The propleura extends ventrad from the humeral callus. The meso- 
pleura lies just below the notopleura, while the posterior portion of the lateral 
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surface is made up largely of the pteropleural sclerite. The hypopleura lies be¬ 
hind the middle coxa, the sternopieura just in front. Bristles borne on any of 
these areas take their names from the sclerite concerned. Thus the housefly has 
one large and several lesser propleural bristles, with a similar aggregation of 
mesopleurals closely adjacent, a fairly regular row of mesopleurals along the 
posterior margin of that sclerite, a weak tuft of pteropleurals, and three strong 
sternopleurals, one in front and two behind. In this species (and family) 
hypopleurals are absent. 

Connecting the scutellum with the dorsal portion of the first abdominal 
segment is the dark, shiny, convex, hairless metanotum. If we follow Hewitt 
and consider this the postscutellum of the mesothorax, then the true meta¬ 
notum is represented by a slender, pointed process on either side, extending 
upward from the epimeron of the metathorax and lying upon a membranous 
area, the mesophragma. Just anterior to this, on either side is a peculiar 
knobbed hair, the halter. The halteres of flies are considered homologous with 
the second pair of wings borne by the metathorax of most insects. They are 
vestigial structures, no longer used for locomotion. They do, however, function 
as sensory organs and are useful in maintaining equilibrium. (See Chapter 
III.) The base of each halter is somewhat conical in shape, and on this portion 
are borne a number of chordotonal sense organs. These constitute the basal 
sensorium of Patton and others. Their structure may be properly understood 
only by microscopic examination of a histological preparation. The shank or 
medial portion of the halter is slender and rodlike; the terminal portion is 
expanded into a spherical knob of which the basal portion has a wall distinctly 
thicker than that of the extremity. 

Two breathing pores, or spiracles, are also present on the lateral surface of 
the thorax, one in the suture between the propleura and mesopleura, the other 
just below the halter. They have thickened lips and to a limited extent may 
be opened or closed by the action of special muscles. 

The dorsal surface of the thorax is of a changeable silvery-gold pollinose 
coloration, but this is interrupted to produce the effect of four longitudinal 
black stripes, practically parallel. These are most conspicuous just behind the 
head, fading to evanescence before reaching the scutellum. They are best seen 
when viewed from above, with the head of the specimen away from the ob¬ 
server. These four lines distinguish common houseflies from a number of 
other muscoids, the closest approximation being found in certain species of 
Sarcophaga, which, however, may be recognized, by the presence of hypo- 
pleural bristles and by certain peculiarities of abdominal coloration and body 
shape. 
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Laterally, the thoracic sclerites may be described as dark, with most of the 
surface thinly covered by a gray pollinose sheen, not very evenly spread. 

APPENDAGES OF THE THORAX 
The Wings 

The “root” of the wing attaches just in front of the scutellar bridge and 
directly above the pteropleural bristles. 

Overlapping the base of the wing is a small, hairy, scalelike plate or cap, the 
tegula. Some authors prefer to consider the term tegula synonymous with 
squama or calypter. In the present volume, however, it will be applied only to 
the structure just described. 

The wing membrane itself averages 6.2 mm. long by 2.48 mm. wide, and 
except for the supporting veins is transparent throughout. Viewed beneath 
the binocular dissecting scope under reflected light, the wing surface shows 



Figure 11. Accessory wing structures. Lejt: Right squama (alula, calypter), lateral 
view. Note that smaller, basal portion is folded over so that its morphologically ventral 
surface is uppermost. Right: Halter, or balancing organ, believed to be homologous 
widi the metathoracic wing of other orders. Note chordotonal sense organs (basal 
sensoria) in proximal region. 
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many iridescent areas, with delicate shades of green and pink predominating. 
This is due to the refraction of light by many wrinkles and corrugations, 
microscopic in size. 

The growth and development of the wing buds in the pupal stage will be 
discussed more fully in Chapter IV. It is sufficient to say here that the so-called 
veins, which are so conspicuous in the adult state and which function primarily 
for support, represent for the most part the paths of tracheal trunks that served 
the respiratory needs of the wing bud during the developmental period. In 
adult life a limited amount of blood circulates between the wing membranes, 
following the course of major veins (E. Thomsen, 1938), but the distal portion 
especially tends to become dry, brittle, and relatively lifeless. If worn or broken, 
the wing cannot be regenerated or replaced. 

Of the eight original tracheal trunks, six are represented by persistent 
longitudinal veins, the first and third anal veins being no longer indicated in 
the higher Diptera. 

Margins and angles of the wing. That margin of the wing which is the more 
robust and which is directed forward during flight is called the costal margin, 
or simply costa. Since the outline of the wing is slightly suggestive of a tri¬ 
angle, the posterior margin may be divided into an outer margin that extends 
from the apex to a point opposite the greatest width of the wing, and an inner 
margin that curves forward to the axillary lobe. Both posterior margins are 
adorned by numerous marginal hairs or “fringe scales,” regularly arranged. 
With three margins it is also possible to conceive of three angles, the humeral 
angle at the base of costa, the apical angle at the extreme tip of the wing, and a 
poorly defined anal angle where the inner and outer margins meet. 

The membrane of the wing base is termed the axillary membrane (Com¬ 
stock, 1940). The posterior margin of this area is somewhat thickened, being 
supported by a chitinous extension from the posterior lateral angle of the no- 
tum, called the axillary cord. In the housefly and related forms this region of 
the wing is much complicated by an expansion of the axillary membrane, 
which results in the creation of a yellowish opaque lobe or scale which overlies 
the halter and is a conspicuous feature of thoracic morphology. This is called 
the squama, alula, or calypter. The fact that the wing base is so much narrower 
than the wing itself requires the basal third of the squama to be folded upon 
the distal portion in such a manner that the dorsal surfaces of the two are 
brought together. Thus there are really two squamae on either side, a smaller, 
“upper” squama, with its morphologically ventral surface uppermost, and a 
larger, “lower” unit, normal in position. Both are bounded by the axillary cord. 

Adjacent to the squamae but more nearly in the plane of the wing itself is 
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Figure 12. Upper: Wing of Musca domestica. Labeling of veins and cells is in ac¬ 
cordance with Comstock-Needham system. The costal vein and the two costal cells 
are not lettered. A, anal veins; C, cubitus and cubital cells; M, media and medial cells; 
R, radius and radial cells; S, subcosta, vein and cell; h, humeral cross vein; m, medial 
cross vein; r-m, radiomedial cross vein. Lower: Wing of Musca domestica. Labeling is 
in accordance with accepted usage among dipterologists. C, costal vein and cells ( jst , 
2d)-, S, subcostal (auxiliary) vein and cell; 1, 2, 3, 4, 5, 6, first to sixth longitudinal veins; 
m, sm, marginal and submarginal cells; i-p, 2-p, 3-p, first, second, and third posterior 
cells; i-b, 2-b, 3-b, first, second, and third basal cells; a, anterior cross vein; al, axillary 
lobe; ae, axillary excision; ax, axillary cell; d, discal cell; h, humeral cross vein; p, 
posterior cross vein; s, spurious (third anal) vein. 

the axillary lobe. This is merely a portion of the anal region, set olf by a notch 
on the inner posterior margin. This notch is termed the axillary excision. 

Venation. Along the costal margin runs the costal vein. It continues almost 
to the apex, where it terminates abruptly. Throughout its course the costal vein 
is covered by short, black spines, coarser near the base. Just beyond the hu¬ 
meral cross vein and again at the termination of the subcostal vein, the costa is 
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reduced in diameter and somewhat lighter in color. Such points are sometimes 
referred to as “fractures,” especially if the interruption is at all conspicuous. 
The remaining longitudinal veins are as follows: 

The subcostal vein is rather pale and runs in the trough of a definite furrow 
in the wing membrane. It extends for about two-fifths of the length of the 
wing before joining the costal margin. At less than half the distance from the 
base, subcosta is connected with costa by the somewhat oblique humeral 
cross vein, already mentioned. 

It is customary among students of the Diptera to refer to the remaining 
longitudinal veins by number, rather than by name. The first longitudinal 
vein, which runs confluent with subcosta for a short distance at the base, has 
a total length of approximately half of the wing. Halfway along the thickened 
basal portion, one or two small black bristles may be seen. The vein itself runs 
along the crest of a definite ridge, in contrast with the “valley” position of 
subcosta. There is a definite tendency for the veins to alternate in this regard; 
hence some entomologists refer to alternate convex (ridge-following) and 
concave (furrow-following) veins in describing specimens. The second and 
third longitudinal veins are both branches of the radial vein of general ento¬ 
mologists. This system (in which vein one is also included) shares a common 
origin with subcosta, as indicated above. The second and third units, which 
are sometimes referred to collectively as the radial sector, run a short distance 
as a single vein, then separate, taking somewhat divergent courses to the an¬ 
terior margin, slightly in advance of the apical angle. 

The central vein of die wing (longitudinal vein 4) has an inconspicuous 
connection with the anterior veins at the base, then runs a straight course for 
nearly four-fifths of its length. On approaching the margin, however, it 
swings forward and unites with the tip end of costa, a little behind the termina¬ 
tion of vein 3 and just before the apex. In certain muscoid genera ( Gaster- 
ophilus ) this final bend does not occur, and in other groups ( Anthomyia, 
Stomoxys, Muscina) various intermediate conditions prevail. In Glossina the 
course of vein 4 is much distorted due to the more distal position of the small 
anterior (radiomedial) cross vein. Vein 4 is believed to be homologous with 
the first two branches of the medial vein of primitive groups. 

Vein 5 has no fundamental origin with the anterior veins but is, neverthe¬ 
less, anchored to vein 4 by two connections close to the base and a third near 
the outer margin. The first of these connections, usually quite obscure, prob¬ 
ably represents the posterior arculus of authors. The second marks the path 
of the third and fourth branches of media as they proceed caudally to fuse 
with parts of cubitus. The third is a true cross vein, uniting the two principal 
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branches of media. In the housefly it is slightly sinuous and bounds the outer 
margin of the discal cell. Vein 5 continues to the margin, where the point 
of termination is marked by a definite notch. 

The sixth longitudinal vein has a common origin with the fifth, but diverges 
rather sharply, coming to an end in the anal region without attaining the 
margin. The cross vein that unites it to vein 5 near the base is believed 
homologous with the second branch of cubitus, which has a tendency to fuse 
with one or more anal veins in a number of highly evolved groups. There 
is evidence (Fig. 12) that the first anal vein of primitive species has been re¬ 
duced practically to oblivion and that it is the second anal vein in reality 
which has persisted as longitudinal vein 6 and with which cubitus is now 
fused. 

A shadow, or fold, posterior to vein 6 may usually be seen. It is referred to 
as the spurious vein, and may possibly be homologous with the third anal 
vein of other groups. 

The spaces between the wing veins are termed cells. Cells are referred to 
as “open” if they are bounded at any point by the wing margin, and “closed” 
if surrounded entirely by veins. According to the Comstock-Needham sys¬ 
tem (1898) of naming the veins, all cells are designated according to the vein 
just preceding. Thus the humeral cross vein divides the first from the second 
costal cell. Similarly, the open cell bounded anteriorly by subcosta becomes 
the subcostal cell. All the others, however, have been given special names ac¬ 
cording to position, as the application of the Comstock-Needham system to 
dipterous wings has not proved very satisfactory for taxonomic purposes. 
The marginal cell is that which lies between longitudinal veins r and 2, while 
the submarginal lies similarly between veins 2 and 3. Following around the 
margin we have then a series of posterior cells, the first (which is also called 
the apical cell) lying between veins 3 and 4, the second posterior between 
veins 4 and 5, and the third posterior between veins 5 and 6. Posterior to 
vein 6 is the axillary cell, sometimes more or less divided by the so-called 
spurious vein. In the interior of the wing are four closed cells, the largest of 
which, bounded by veins 4 and 5. and the large posterior cross vein, has 
already been referred to as the discal cell. The largest of the remaining three 
lies between the basal portions of veins 3 and 4, and is terminated by the 
small or anterior cross vein. It is called the first basal cell. The second and 
third basal cells lie between veins 4 and 5 and between veins 5 and 6, re¬ 
spectively. Figure 12 (upper) shows the veins and cells labeled according to 
the Comstock-Needham system, and Figure 12 (lower) according to prevail¬ 
ing usage among dipterologists. 
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The Legs 

The six legs of a fly are all essentially similar. Each consists of a basal coxa, 
a small, triangular trochanter, an elongated and comparatively robust femur, 
a tibia of about the same length as the femur but more slender throughout, the 
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Figure ij. Leg of the housefly. Lejt: Caudal aspect of left anterior leg. /, coxa; 2, 
femur; j, tibia; 4, basitarsus; 5, remaining segments of tarsus. Right: Terminal portion 
of last tarsal segment. 1, claw; 2 , empodium; 3, pulvillus; 4, lenent hairs; 5, fifth tarsal 
segment. 

distal extremity being of greater diameter than the proximal, and a five- 
segmented tarsus. The first tarsal segment (basitarsus) is much longer than 
the others. This condition is best developed on the third pair of legs. 

The anterior coxae are the largest and are rather typically fusiform, or 
boat-shaped. The second and third pairs of coxae are smaller and the sclerites 
composing them are more distinct from one another. The femora of the 
prothoracic legs are shorter and stouter than those of the mesothoracic and 
metathoracic pairs. An interesting adaptation is found on the anterior tibiae, 
which are a little shorter than those of the intermediate and posterior legs. 
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On the mesial surface of each fore tibia is a row of closely set setae, rather 
orange in color, which the fly uses in combing particles of dirt from the hairs 
and setae of the general body surface. A similar arrangement is found on the 
first tarsal segments of the third pair of legs. This provides for the grooming 
of the posterior portions of the body. 

The foot of the fly is especially interesting. Its structure has been the sub¬ 
ject of study and speculation for many years (Hepworth, 1854; Merlin, 1897, 
1905). The fifth tarsal segment bears a pair of curved claws (ungues), which 
are used in clinging to rough surfaces. At the base of each claw and ventral 
thereto is a bladderlike structure called a pulvillus, which in turn bears a large 
number of tiny, glandular hairs. These hairs, by reason of the secretion which 
exudes at or near their tips, are continually wet and sticky, a condition that 
enables the fly to cling to vertical or even inverted surfaces. For this reason 
they are called tenent hairs. 

Between the bases of the two pulvilli is a tapering, bristlelike structure, the 
empodium. It remains to be shown whether the empodium exercises any 
special sensory function. In addition, ventral to the pulvilli are the single 
median and two lateral foot plates, small, scalelike structures rather easily 
overlooked. 

All segments of the legs bear a considerable number of hairs, bristles, or 
spines. Especially conspicuous are certain spines found on the shank and 
distal extremity of the tibia. In many groups of Diptera these are of taxo¬ 
nomic importance. 

THE ABDOMEN 

The first abdominal segment is considerably reduced, being visible only on 
the ventral side, but the second, third, fourth, and fifth are well developed. 
The dorsal sclerites (tergites) not only constitute the entire dorsal surface but 
the lateral as well, and, turning under, extend a considerable distance toward 
the mid-ventral line. True pleural sclerites are absent, but there is considerable 
expanse of pleural membrane between the tergites and the narrow sternites, 
which all lie in the median ventral line. The first of the sternites is somewhat 
fork-shaped; the second, roughly quadrangular, with its greatest width an¬ 
terior. The third and fourth are narrower, while the fifth broadens distally 
to support the genitalia. 

In the female, the visible abdominal spiracles are ten in number, five on 
either side. They are best seen in ventral view and are located close to 
the ventral margin of the five conspicuous tergites. Due to the fusion of the 
tergites of segments 1 and 2, the first two spiracles of either side appear to 
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be located on a single segment. In the male there are two additional pairs, 
on the rudimentary sixth and seventh segments. 

The ventral position of the union of tergites with sternites is more char¬ 
acteristic of museum specimens or of flies that have not fed. In a fresh, well- 
fed specimen, in gravid females, and in Hies distended by Empusa fungus, 
the appearance is more often as in Figure 14. In this illustration the con¬ 
junctival fold, which connects the sternites with the tergites, has been dis¬ 
tended by internal pressure and the sclerites are no longer in contact. 

The basal half of the abdomen, especially on the lateral surface, is fre- 



Figure 14. Abdomen of Mttsca domeslica; female specimen. Left: Dorsal aspect. 
Right: Ventral aspect. Note extensive conjunctival areas. The ovipositor is withdrawn. 


quently yellowish or transparent buff in color. This feature is usually more 
pronounced in males than in females. The median dorsal region of the an¬ 
terior segments is marked by a brown or blackish longitudinal band. The 
rest of the abdominal surface is brownish gray with a yellowish pollinose 
sheen. 


THE OVIPOSITOR 

The small number of visible abdominal segments is obviously a specialized 
condition, as the primitive number of abdominal segments in insects is be¬ 
lieved to be eleven. In the housefly and a great many other similar forms, a 
number of terminal segments have been telescoped, posteriorly to form the 
genital structures. This is very apparent when a female fly extrudes her 
ovipositor (Fig. 15), an organ nearly as long as the preceding portion of the 
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numbered. Intermediate sections consist of conjunctival membrane that folds upon 
itself when the ovipositor is telescoped within the body. 

abdomen. It is not difficult to demonstrate that four distinct segments have 
been utilized in this connection, giving a total of nine persisting segments in 
the female abdomen. In males Awati (1916a) has shown that ten are repre¬ 
sented, at least vestigially, though only eight may be readily accounted for. 

One can easily cause the ovipositor to extend by pressing gently on the 
abdomen of the freshly killed fly. Six joints or sections may be recognized. 
The first, third, fifth, and sixth represent true segments of the body; the 
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second and fourth are composed wholly of intersegmental membrane. Only 
the ninth segment has tergite and sternite of a normal type. These are usually 
referred to as the supra-anal and subanal plates. The former bears caudally a 
pair of button-shaped cerci, which, as Patton (1930) points out, are really 
the persistent appendages of segment 11, no longer present. The subanal plate 
is heart-shaped or arrow-shaped. It bears no appendages. 

In each of segments 6, 7, and 8 the tergite is represented by a pair of 
longitudinal chitinous rods, those of segment 6 joining anteriorly to form an 
Inverted Y. The sternite in each of these segments consists of a single chitinous 
rod, usually more slender than those representing the tergites. These vestigial 
sclerites of segments 6 to 8 show great variation within the species. 



one another to form a Y-shaped pattern. Ninth segment bears arrow-shaped subanal 
plate and two button-shaped cerci (C). Segments are numbered as in Figure 15. 

The female genital aperture is located at the anterior margin of the ninth 
sternite, between segments 8 and 9. 

THE MALE GENITALIA 

The external genitalia of male houseflies consist of the variously modified 
sclerites of abdominal segments 6, 7, 8, 9, and 10. These are normally with¬ 
drawn into the fifth segment to the extent that very little can be seen from 
a lateral approach. Viewed caudally, however, certain parts are not difficult 
to distinguish. 

The nomenclature of the various structures has been much confused, due 
to the fact that modern morphologists recognize a rotation of the segments 
of which earlier workers were not aware. We thus have a double system of 
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terminology, the earlier of which might well be discarded were it not for 
the fact that in using the classical literature (e.g. Hewitt, 19143) the student 
finds it necessary to understand the older concepts. We shall therefore here 



Figure 1 7. Caudal view of male abdomen. A, anal aperture; F, primary forceps; 
G, aperture to genital atrium; S5, spiracle of segment five; %d, 6d, -[d, fid, dorsal arches 
of respective segments; $v, 6v, 8v, ventral arches of respective segments. Labeling is in 
accordance with interpretation of Hewitt and other early workers. Consult text for dis¬ 
cussion of more recent concepts. (Adapted from Hewitt, The House-Fly [Cambridge 
University Press, 1914], and from dissection.) 

describe the male genital structures in two ways: first, as understood by 
Hewitt and contemporaries; second, as interpreted by Hardy (1944). 

Older Concepts of Genital Morphology 
If one imagines himself looking directly at the anal aperture (shown in 
Fig. 17 as a vertical slit), the dorsal arch of the eighth (?) abdominal segment 
will be seen to surround the anus on all but the ventral side. This sclerite may 
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Figure 18. Near-lateral view of terminal segments of male. Tergite and sternite of 
segment five have been moved apart to disclose other structures. S5, S6, S' 7, spiracles of 
respective segments. Other lettering as in Figure 17. (Adapted from Hewitt, The 
House-Fly [Cambridge University Press, 1914], and from dissection.) 

be said to form the apex of the abdomen. Joining with the dorsal arch on 
either side, and forming the ventral border of the anal membrane, is the 
ventral arch of the same segment, so deeply notched in the center as to ap¬ 
pear like two convex sclerites joined by a narrow bridge. Such in fact was 
Hewitt’s own interpretation of its origin. This unit serves to separate the 
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anal area from the entrance to the genital atrium, which lies immediately 
below. The sclerites of this (eighth?) segment, like those of the first five, bear 
setae. 

The seventh dorsal arch lies above the eighth and appears as a narrow, 
curving sclerite much more heavily developed on the left side than on the 
right. The ventral arch of the seventh segment consists of a pair of curved 
sclerites not visible from this approach. (These constitute the inner claspers 
or secondary forceps.) 

The dorsal arch of the sixth segment lies above that of the seventh and is 
similar to it, save that there is no asymmetrical prolongation to the left. The 
ventral arch of the sixth segment is a nonsymmetrical sclerite, enlarged on 
the left side into a spatulate plate that extends forward as shown in Figure 18. 
The remainder of the sclerite consists of a narrow bar that borders the genital 
atrium on the ventral side and terminates in a bifurcation at the right. This 
barlike portion lies more or less in the arms of the fifth sternite, which is 
deeply excavated on its posterior border. 

The lateral angles of the fifth sternite are each prolonged into a definite 
process somewhat knoblike at the tip. The two taken together are sometimes 
called the primary forceps. 

Let us now suppose that the above-described structures have been relaxed 
and drawn out by appropriate technique (see Chapter XVI) from their 
telescoped position within the confines of segment 8. All parts will thereby 
become visible in lateral view. Figure 18, already referred to, makes the 
relationships reasonably clear. Especially striking is the manner in which 
the left side of the seventh dorsal arch extends forward in a beaklike process. 
This separation of the parts also demonstrates the presence of two more 
abdominal spiracles, which are believed to pertain to segments 6 and 7. 

The penis, or intromittent organ (aedeagus, phallosome, mesosome), is a 
complicated structure lying just dorsal to the ventral arch of segment 7, which 
in turn, due to its migration forward, rests normally upon the corresponding 
sclerite of segment 5. The body of the penis is composed of the so-called 
median sclerite, which is roughly semicircular in outline, the convex border 
being directed downward. From either corner there extends upward an alar 
process. Against the base of each alar process, on the outer side, rests the 
lateral extremity of the dorsal arch of segment 8. The tips of the alar processes 
articulate with the lateral portion of the anterior border of the two sclerites 
making up the ventral arch of segment 7. These two sclerites constitute the 
secondary forceps. They are not connected ventrally. Each articulates laterally 
with the margin of the eighth dorsal arch. 
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The functional portion of the penis, sometimes called the theca, articu¬ 
lates with the median sclerite by means of two small chitinous nodules. These 
are the cornetti of Berlese (1902). The theca, which is hollow, is continuous 
at its base with the ejaculatory duct. Just dorsal to the point where the ejacula- 



chirfnous nodule; 4, superior apophysis; 5, inferior apophysis; 6, body of the penis; 7, 
left alar process; 8, ejaculatory duct; 9, ejaculatory sac; 10, ejaculatory apodeme. (Adapted 
from Hewitt, The House-Fly [Cambridge University Press, 1914J, and from dissection.) 

tory duct enters the theca is a cylindrical sclerite, the superior apophysis. A 
similar structure, the inferior apophysis, extends downward and forward 
from the ventral side. The theca terminates in a rather delicate, hyaline en¬ 
largement, the glans, shaped somewhat like an inflated cockscomb and bear¬ 
ing at its curved extremity the opening of the ejaculatory duct. 

No attempt will be made here to homologize the above description with 
the terminology employed by Aldrich (1916) concerning the genitalia of the 
Sarcophagidae. Aldrich’s system is very useful, however, in determining 
species in that family and should be studied by anyone interested in the 
genital structures of muscoid flies. 

O 
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Awati (1916a), who studied the genitalia with reference to specific differ¬ 
ences in the genus Musca, took exception to several points in Hewitt’s inter¬ 
pretation, especially the recognition of segment 8, which Awati considered 
to have disappeared in calyptrate Muscidae. The segment that bears the anus 
he considered to he the tenth; that on which the genital aperture is found, 
the ninth. The eighth segment, when present (which Awati admits to be 
true in all lower Diptera), he termed the “pre-genital” segment. Awati used 
the supposed absence of this segment to explain the forward position of the 
genital aperture, which he considered to lie just behind the fifth (or sixth) 
abdominal somite in the males of Musca and related forms. Because the 
female sex aperture lies between segments 8 and 9, Awati thought it im- 
prohable that the position of the genital outlet could be used in determin¬ 
ing homologies, as Lowne (1870) attempted to do. Awati was convinced, on 
the other hand, that the anus, which according to his (and later) interpreta¬ 
tions occurs on segment 10 in both sexes, is of great importance in this re¬ 
spect, He also relied heavily on the seven pairs of spiracles in homologizing 
segmental structures. 

The chitinous bodies, which Hewitt regarded as representing the sternite 
of the genital segment, Awati considered to be the cerci of the segment fol¬ 
lowing, as he helieved the sternite of the genital segment to have disappeared 
in modern forms. 

Again, the inner claspers of Hewitt, which that author believed to he 
modified portions of the seventh sternite, Awati regarded as appendages of the 
genital segment and homologous with the valvulae externae of blowflies as 
described hy Lowne. 

The anal segment, as Awati would have it, is represented only by the anal 
cerci (superior claspers), which serve to hide the other genital structures from 
external view. 

Awati noted the tendency to asymmetry, especially in segment 7 (Hewitt’s 
segment 6), but, like Hewitt, did not perceive that a rotation of the structures 
might be involved. In spite of the many differences of opinion of these two 
authors, their interpretations are therefore similar in that both attempted to 
assign names to the various elements in their natural (definitive) position. 
Let us now consider a more modern concept. 

Theory of Rotation 

It is customary to refer to the eighth and ninth segments of the male, to¬ 
gether with their appendages, as the hypopygium. Feuerborn (1922), in 
studying the genitalia of muscoid flies, came to the conclusion that the entire 
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hypopygium in this group had undergone an evolutionary rotation of 360 
degrees. His evidence was derived largely from the fact that the distal por¬ 
tion of the ejaculatory duct makes a complete loop around the rectum before 
attaining the exterior. (See Chapter III.) Richards (1927) accepted this inter¬ 



segment. Right and left portions (secondary forceps), which are normally ventral to 
the penis, have been spread apart, to show that organ. 8 d, 8v, dorsal and ventral arches 
of eighth segment. 

pretation for lack of a better one, but was frankly puzzled as to how it might 
have taken place. Finally Hardy (1944), who had previously studied the 
copulatory positions of various groups of Diptera (1935), made a special 
examination of the terminal sclerites of Calliphora, from which he derived 
an interpretation which is probably correct in most respects and which will 
be discussed further in this place. 

The gist of Hardy’s concept is that in the Muscoidea the fourth and fifth 
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segments have remained normal, the sixth has rotated 6o degrees, the seventh 
120 degrees, the eighth 180 degrees, and the ninth 360 degrees. The tenth, of 
course, is vestigial. He points out that the tergites do not all correspond with 




Figure 21. Rotation of male genitalia; diagrammatic. Morphologically dorsal surfaces 
are shaded. Upper: Relation of digestive and genital tracts. Penis (P) is represented 
by quadrangle, anus ( A) by triangular element. Lower: Relation of penis (P) to vagina 
(V) at time of copulation. (Adapted from Hardy, 1944.) 

the underlying sternites, as might be expected from so extensive a disturb¬ 
ance. The terminology that he uses may be best understood by a study'of 
Figure 22. As there depicted, the “forceps” are seen to belong to the ninth 
segment, the “accessory plate” to segment 8, the “aedeagus” to segment 7, 
and the “ventral plate” to segment 5. The so-called “phallic pouch” per- 
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tains to segment 6. The anus is interpreted as lying between segments 8 and 
9 and is dorsal in position. Unlike some morphologists. Hardy does not con¬ 
sider the “claspers” homologous with similar structures in the Orthorrhapha 
(see Chapter V), since they are completely lost in the Syrphidae and related 
forms, which stand between. 

To understand adequately the reasoning back of Hardy’s interpretation, it 
is necessary to review briefly the modifications through which the terminal 
segments of the male appear to have passed in connection with the evolution 
of the Order Diptera. 

The more primitive species are said to have the terminalia erect. In such 
forms the anal papilla lies above the aedeagus, which is directed toward the 
rear. 

From such ancestors as these, certain groups arose in which the terminalia 
may be said to be diverted. The terminal segments are loosely and rather 
flexibly united with one another, so that the male copulatory structures may 
lie in any position between the erect one and a rotation of 180 degrees to the 
right. They always assume the last position, however, when copulation takes 
place. 

Closely related to the above are other species in which the inverted position 
has become more or less fixed, the aedeagus lying permanently above the 
anal papilla. Feuerborn gave to this condition the term hypopygium inversum. 

The next step was the development of a curvilinear relation of the seg¬ 
ments, the terminalia being strongly bent to one side (the right) as in present- 
day Oolichopodidae and Syrphidae. The several segments may be said to 
lie in a series along a curved median line. Both tergites and sternites undergo 
a spiral twisting, so that the sternites come to lie on the posterior or outer 
curve. The tergites, since they lie along the inner curve, are correspondingly 
reduced. It is interesting that the tracheae within (see Chapter III) show a 
corresponding spiral twist from left to right. The aedeagus, which in more 
primitive times was directed posteriorly, is by this manipulation made to 
extend anteriorly. In the Syrphidae and related families a pouch develops in 
the pleurae to receive the aedeagus. This persists in the Muscoidea as a gap 
between the sternite and tergite of the sixth segment, the two sclerites forming 
the periphery of the “phallic pouch.” (See Fig. 22.) 

A subsequent migration of the anus from below the aedeagus to a plane 
lying above it completed the encirclement of the alimentary canal, and ac¬ 
counts for the present relation of the rectum and the ejaculatory duct. Hardy 
(1944) considers that while this last modification was in progress the terminal 
segments realigned themselves so that a curvilinear relation no longer exists 
in Muscoidean groups. All segments are now once more in linear series. This 
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rectilinear condition differs from the primitive rectilinear, however, in that 
the aedeagus is directed anteriorly, the result of its original inversion by ro¬ 
tation. Houseflies may therefore be said to possess rectilinear circumverted 
terminalia. 

The effect is as if the entire hypopygium had rotated a full 360 degrees, 
but this has been accomplished by segments 6, 7, and 8 each revolving approxi¬ 
mately 60 degrees. 


2 



segment five; 4, anus; 5, apodeme of segment nine; 6, npodeme of segment eight; 7, 
spine; 8, posterior clasper; y, tergite of segment six; 10, phallic pouch; 11, sternite of 
segment six; /a, sternite of segment five; /_j, anterior clasper; 14, aedeagus; /5, accessory 
plate; 16, forceps, formed of ninth tergite. (Interpretation according to Hardy, 1944; 
after Lowne, 1870, and Feuerborn, 1922.) 

The writer is of course aware that much difference of opinion still exists 
among leading morphologists concerning body segmentation in the Diptera. 
The present work makes no pretense of stating the latest attitude or of arbi¬ 
trating between authorities. The terminology here employed is merely that 
which, in the opinion of the writer, will be most easily comprehended by 
the practical sanitarian and which will enable him to make the best possible 
use of the great amount of background literature that exists. For a thorough 
understanding of the complex problems involved and of the reasons for 
radically divergent interpretations, the reader is referred to the excellent works 
of Snodgrass (1935) and of Crampton (1941,1942)- 



CHAPTER III 


Internal Morphology, 
Physiology, Behavior 


Ma\e not thy sport abuses; for the fly that jeeds on dung is coloured thereby .— 
George Herbert, "The Church Porch" 

AS WITH all Arthropoda, the body plan of the housefly is that of a “tube 
jljl within a tube,” the external cylinder being formed by the body wall 
and its associated musculature, and the internal, by the tissues of the ali¬ 
mentary tract. Between the two is the body cavity, or coelom, which, as in 
other insects, contains blood and may therefore properly be termed a hae- 
mocoel. More or less suspended in the haemocoel are the various appendages 
of the alimentary canal including the Malpighian tubnles, crop, and salivary 
glands. The body cavity contains likewise the central nervous system, the 
heart, and the organs of reproduction, while branches of the tracheal system 
traverse the spaces between the various organs and the body wall. We shall 
describe the several systems separately, beginning with the alimentary tract. 

THE PROBOSCIS 

The feeding apparatus of the fly has long been of interest to investigators 
(e.g. Macloskie, 1880). It is now quite generally accepted that the greater part 
of the proboscis has been developed from the labium, and not from the maxil¬ 
lae, as Lowne (1870, 1895) considered to be the case. The terminology here 
used, therefore, is chiefly that of Hewitt (1914a) and Graham-Smith (3914, 
1930a), rather than that of Lowne, who proposed special names for various 
structures to suit his particular interpretation of the morphology. These 
names would merely be confusing at the present time.' 

Graham-Smith’s paper (1930a), though it deals exclusively with Calliphora 
erythrocephala ( vicina ), is a particularly helpful contribution as it standard- 
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izes, so far as may be possible, the nomenclature of Lowne (1890-1895), Pat¬ 
ton and Cragg (1913c), and his own previously published works. 

As mentioned in Chapter II, the proboscis consists of a conical basal unit, 
the rostrum, a median section, the haustellum, and a terminal broadened 
portion, the oral disc or oral sucker, consisting of two distinct lobes termed 
labella. Between the two labella is the central or prestomal cavity leading to 
the alimentary canal. This is more or less surrounded by the so-called discal 
sclerite, which is roughly horseshoe-shaped, with the open side anterior. 



Figure 23. Internal organization of Musca dotneslica. 1, longitudinal muscles of 
thorax; 2, supraoesophageal ganglion; 3, salivary duct; 4, pharynx; 4a, oesophagus; 5, 
proventriculus; 6, stomach; 7, crop; 8, salivary gland; 9, proximal intestine; 10, distal 
intestine; 11, rectum; 12, anus; 13, Malpighian tubes; 14, compound thoracic ganglion; 
/5, haemocoel. (Adapted from Patton, 1930.) 

Each labeiJum bears on its ventral surface a number of more or less parallel 
transverse ridges, the pseudotracheae. These are actually tubes, the inside 
diameter of which ranges from 0.008 mm. to 0.016 mm.-The more anterior 
six or seven pseudotracheae communicate with a collecting channel that fol¬ 
lows the interior border of the labellum to the prestomal cavity mentioned 
above. The more posterior twelve or thirteen pseudotracheae are served by 
a similar collecting channel, but the three or four which lie opposite the 
prestomal aperture communicate directly. 

The prestomal cavity itself is bounded on either side by five prestomal teeth. 
These are borne by the discal sclerite and alternate in position with the 
pseudotracheae of that region. These teeth form the walls of gutters along 
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which fluids from the above-mentioned collecting tubes pass into the mouth 
cavity proper. In certain other genera ( Calliphora, Lucilia, Sarcophaga ) three 
or even four rows of teeth are present, the branches of the intermediate and 
other sets serving as a floor for the gutters, already mentioned, a function 
which in the housefly is taken over by a number of chitinized plates. 

The external mouth aperture leads to a passageway that traverses the 
haustellum. Some authors call this the cavity of the prelabrum. The true 
mouth lies at the juncture of the haustellum and the rostrum. Beyond this lie 
the prepharyngeal and pharyngeal portions of the rostral cavity. The latter 
is continuous with the oesophagus. 



Figure 24. Prestomal teeth and adjacent structures. 1, Region of the prestomal aper¬ 
ture; 2, prestomal (discal) sclerite, interior view; j, collecting channel; 4, pseudotrachcae; 
5, Boor of gutter, formed of chitinous plates; 6, prestomal teeth. Tips function for rasp¬ 
ing. Sides form walls for gutters. (Adapted from several authors and from dissection.) 

The proboscis is retractible and when withdrawn is seen to bend sharply at 
two points—that is, where the haustellum joins the rostrum and where the 
rostrum joins the head. The food canal is particularly flexible at these points, 
the lower of which is partially encased by a protective structure, the hyoid 
sclerite or prepharynx. Its function is to keep the food canal open, regardless 
of the degree of flexure. Retraction of the proboscis is accomplished by direct 
muscular action. All parts except the oral sucker are usually made to disappear 
within the head capsule, and sometimes this part also.. 

Extension is a somewhat more complicated process. The rostrum is ex¬ 
truded by the distention of certain large air sacs that lie within it. The ex- 
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tension of the more distal parts is accomplished partly by direct muscular 
action, partly by increased blood pressure. Each labellum contains a sizable 
haemocoel, the filling of which causes the oral lobe to expand. 



Figure 25. Detailed structure of housefly proboscis, a: Lateral interpretation, b: Ce¬ 
phalic approach. A, anterior arch of fulcrum; Ap, anterior wall of pharynx; Cl, clypeus; 
Cxc, main collecting channels; DSc, cliscal sclerite; Fc, food channel; Fu, fulcrum; H, 
haustehum; Hp, hypopharynx; LA, labellum; Lin, labrum; LR, I a be 11 a r rods; LSc, 
labellar sclerite; MO, opening to food channel; MR, maxillary rods; MxPlp, maxillary 
palpus; O, oesophagus; OD, oral disc; Ph, pharynx; Pph, prepharyngeal sclerite; Ptr, 
pseudotracheae; R, rostrum; SD, salivary duct; Sp, salivary pump; Th, theca (=men- 
tum); W, membranous wall. (Mathcson, Medical Entomology; Comstock Publishing 
Co.) 

Rostrum, haustellum, and oral sucker will now be described in somewhat 
greater detail. 

The rostrum is covered with a tough, chitinous membrane, continuous with 
the similar covering of the haustellum. Its internal support consists chiefly of 
a large stirrup-shaped sclerite, the fulcrum, composed in reality of a number 
of separate sclerites intimately fused. The pumping pharynx and its dilator 
muscles lie within this structure. Downward, and forward from the fulcrum* 
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on either side extends a rodlike unit, sinuously curved, the distal extremity 
of which unites with the base of the labrum, a sclerite that forms the forward 
wall of the haustellum. These units, the maxillary rods, are believed to be 
homologous with the stipes of more generalized maxillae. Anterior to each 
is a small sclerite supporting the maxillary palpus of that side. 

The haustellum, which is more or less cylindrical, includes the labium, 
hypopharynx, and labrum-epipharynx. The first constitutes the posterior wall 
and is somewhat complicated. The most conspicuous feature is the posteriorly 
convex theca or mentum, which extends from the base of the haustellum to 
the rodlike labial sclerites of the oral disc. Extending forward from the men¬ 
tum on either side is a tough membrane that connects with the chitinized 
anterior surface of the labium. This surface is deeply grooved for the recep¬ 
tion of the hypopharynx. It is bounded laterally by the two sturdy labellar rods 
(paraphyses) that extend from the base of the haustellum to the principal 
sclerite of the oral disc. 

The hypopharynx is blade-shaped and lies in what may be called the 
labial gutter. Its anterior surface is longitudinally grooved. The lateral mar¬ 
gins of the hypopharynx fit closely against those of the labrum-epipharynx, 
which lies immediately in front and has a longitudinal concavity on the 
posterior side. The hypopharynx and labrum-epipharynx thus form the walls 
of a channel for the passage of food. Their tips extend to the mouth opening 
in the discal sclerite, while their bases, which are fused, surround the true 
mouth opening that lies above. The hypopharynx also contains the salivary 
duct. 

The oral disc has already been described as consisting of two large labella 
united medially by the discal sclerite. The latter is firmly united with the 
distal extremities of the labellar rods. The prestomal cavity continues caudally 
between the labellar lobes as a fairly deep, median fissure. This becomes much 
shallower when the lobes are spread apart, and may disappear altogether 
when they are everted. 

Each pseudotrachea is kept dilated by a large number of circular chitinous 
rings, which are incomplete on the exposed (ventral) surface. Each pseudo- 
tracheal ring is expanded at one end but forked at the other. (See Fig. 26.) 
Adjacent rings alternate in direction, so that the spatulate extremity of any 
one lies between the bifid extremities of its two neighbors. The two arms of 
the bifid extremity are curved so as to bound a circular aperture leading to 
the 1 umen of the pseudotrachea. These interbifid spaces determine the size 
of any particles that may be ingested during the ordinary sampling of liquid 
food. They range from 0.003 co °- 00 4 mm - * n diameter. A funnel-shaped de- 
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pression leads from the surface of the pseudotrachea to each interbifid space. 
These are termed interbified grooves. The surface membrane of the labellum 
is stretched tightly over all parts except the interbifid spaces and along a zigzag 
fissure that runs the length of the pseudotracheae, uniting the open segments 
of consecutive interbifid areas. Through this channel, as well as through the 
circular apertures, the insect may imbibe liquid food. 

The terminal portions of the pseudotracheae which open directly into the 



Figure 26. Special details of mouth parts. A: Diagrammatic section through haustel- 
lum. 1, l.ibrum; 2, salivary canal; 3, food canal; 4, hypopharynx; 5, me ntum. B: Pseudo- 
tracheal channel. Right portion shows surface view. At left, integument of labellum is 
stripped away to expose chitinous rings. /, zigzag fissure; 2, interbifid groove; 3, inter¬ 
bifid space; 4, membrane of pseudotrachcal channel. C: Attachment of interbifid groove 
to forks of chitinous ring. 1, chitinous ring, side view; 2, interbifid groove; 3, interbifid 
space; 4, distal portion of chitinous ring, end view. (Adapted from various authors.) 

prestomal cavity lack the feeding apertures of the more exposed areas and 
therefore function merely as so many collecting tubes. 

Graham-Smith (1930a) summarizes his study of the blowfly proboscis by 
stating that the fly can ingest food material in at least three ways. (1) It can 
merely suck up liquid food, filtering out the particles of larger size. (2) It 
can utilize its prestomal teeth to scrape selected surfaces, moistening them, 
in the meantime, with saliva or with vomitus to produce an emulsion that is 
subsequently ingested. Or, (3) using neither prestomal teeth nor filtration 
apparatus, the fly may suck up directly such material as thick sputum or feces, 
together with helminth ova or any similar particles that these substances may 
contain. 
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There is no reason lo believe that the housefly is any less versatile. It is, 
of course, a somewhat smaller insect, which may limit the size of the larger 
particles ingested. The behavior of the labella in these three different pro¬ 
cedures may be described as follows: 

1. In feeding by suction and filtration, the commonest method of taking 
food, suction created by muscular action in the pharynx is employed to draw 
fluid through the interbifid grooves into the pseudotracheae. 

To suck up a thin layer of fluid, the fly causes the labella to separate until 
they come to lie at right angles to the long axis of the proboscis, one labellunt 
extending to the right, the other to the left. The exposed surfaces, which are 
the only parts furnished with pseudotracheae, are thus applied lightly to the 
fluid, which is then sucked in through the interbifid grooves. Any particles 
too large to pass these apertures are thus filtered out and rejected. Graham- 
Smith calls this the filtering position. Sometimes the marginal strips of the 
labella are turned distally to create a rim, and the whole structure is made to 
resemble a cupping device. When this occurs, the mouth parts may be said 
to be in the cupping position. 

2. The use of the prestomal teeth for scraping and pulverizing food ma¬ 
terials involves a considerably wider separation of the labella. If just enough 
change of position occurs to permit slight use of the teeth, the pseudotracheae 
will still be in contact with any liquid that may be present, and the filtering 
process still goes on. Graham-Smith calls this the intermediate position. If, 
however, the fly finds it necessary to make full use of the teeth for scraping, the 
labella are folded back still more, so that the pseudotracheal surfaces are com¬ 
pletely out of action. This is the true scraping position. 

3. A final modification involves the turning back not only of the labellar 
surfaces but of the teeth themselves, so that the latter point upward, or at least 
laterally, and are no longer in a position to scarify the food substance. This 
results, however, in opening the oral aperture, located on the discal sclerite. 
This aperture is then applied directly to the food, and large amounts of ma¬ 
terial in suspension may be sucked up directly. Relatively large objects such 
as the ova of parasitic worms may be ingested in this way. Graham-Smith 
calls this the direct-feeding position. There is evidence that individual flies 
differ in their ability to open the mouth aperture sufficiently wide to permit 
the ingestion of eggs of large diameter. 

Salivary Glands 

The salivary duct opens into the prestomal cavity. Its terminal portion lies 
embedded in the substance of the hypopbarynx (ligula of older writers), and 
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thus closely parallels the prelabral cavity as far as the level of the prepharyngeal 
sclerite. From here it extends somewhat more caudally, diverging from the 
pharynx at a rather acute angle. In this portion of the duct, we find a special 
mechanism, the salivary syringe, which serves as a pumping organ to force 
the saliva onward to the hypopharynx. The outline of this organ is controlled 
by the action of special muscles (Fig. 27). At the distal extremity of the salivary 
syringe is a one-way valve so arranged that saliva which passes beyond this 
point may not return toward the salivary glands. 



Figure 27. Salivary syringe. 1, duct to hypopharynx; 2, one-way valve; 5, wall of the 
syringe; 4, common salivary duct; 5, muscles controlling pumping action. (Adapted 
from Matheson, 1944.) 


In the cervical region, the duct turns directly caudad and passing ventrally 
to both oesophagus and nerve ring enters the thoracic cavity. In the prothoracic 
region the duct divides, one branch continuing caudad on the left side, the 
other on the right. In so doing, each passes upward around the nerve cord 
and then proceeds backward, more or less on the level of the mesenteron. At 
this point, the structure is definitely glandular, and there is considerable loop¬ 
ing, which becomes even more pronounced in the abdominal region. The 
glands may thus be described as coiled tubes, as long or longer than the body 
of the fly, with a goodly portion of each gland lying in the abdominal cavity. 
Their diameter is practically uniform throughout. Each is lined by a single 
layer of epithelial cells of the cuboidal type. 

In addition to the principal salivary glands described above (lingual salivary 
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glands), Graham-Smith (1914) recognizes labial salivary glands, lying at the 
base of the labella and opening into the oral pits. 

THE OESOPHAGUS 

The muscular pharynx extends vertically to a point just within the head 
capsule, where it gives rise to the oesophagus. The latter proceeds dorsally 
to a point on a level with the center of the face, where it turns nearly at right 
angles and, passing through the nerve ring, enters the thoracic cavity. The 
oesophagus terminates in the prothorax. At this point it gives rise, on the ven¬ 
tral side, to a straight, slender duct that extends the length of the thorax into 
the abdomen and there expands into a great sac or bladderlike vesicle, the 
crop. Crop and channel are sometimes referred to as the oesophageal diverticu¬ 
lum. The crop is definitely bilobed. By contraction of the plain muscles in 
its walls, the content of the crop may be regurgitated through the mouth. 
This performance is a very common preliminary to the taking of the food 
and gives excellent opportunity for the distribution of infectious organisms. 

The oesophagus is followed by the proventriculus, a circular, somewhat 
chitinized, buttonlike structure, rather horizontally disposed, which the 
oesophagus enters from below. Mouth, pharynx, oesophagus, and proventricu¬ 
lus are all part of the stomodaeum, or fore-gut, which arises by invagination 
at the anterior extremity during embryonic development, uniting subse¬ 
quently with the stomach, which is of endodermal origin. 

STOMACH AND PROXIMAL INTESTINE 

The stomach proper (chyle stomach) extends the length of the thorax with¬ 
out change of direction. Both anterior and posterior extremities are some¬ 
what constricted in diameter. The greatest width is found in the posterior 
half. The stomach is lined in the anterior and posterior portions with a 
digestive epithelium of the columnar type. For the greater portion of its 
length, however, the digestive epithelium is folded in such a way as to form 
a large number of sacculi or crypts which Hewitt considered homologous 
with the gastric caeca of Orthoptera and other forms. 

Following the stomach is the proximal intestine, which more or less fills 
the abdominal cavity. It varies considerably in length, but always consists 
of a number of loops and turns. It is lined by columnar epithelium. The 
stomach and proximal intestine, taken together, constitute the mid-gut or 
mesenteron, derived essentially from embryonic entoderm. The term ventricu- 
lus is appropriate for the entire mesenteron, though many workers prefer to 
use it for the chyle stomach only. 
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At the point where the mid-gut joins the hind-gut are located the Malpigh¬ 
ian tubes. There are two principal Malpighian ducts, each of which branches 
into a pair of tubules. These organs are excretory and drain into the alimen¬ 
tary tract. 



Figure 28. Alimentary canal of adult fly. 1, pharynx (of head); 2, salivary syringe; 
3, salivary duct; 4, salivary gland; 5, oesophagus; 6, proventricuius; 7, stomach; la, 
proximal intestine; 8, crop; 9, distal intestine; 9 a, rectal valve; 10, rectum; //, anus; 
12, Malpighian tubes; 13, fulcrum (of head). (From dissection and from Matheson, 
I 944 -) 


HIND-GUT 

All that follows is proctodaeum, derived by invagination from the pos¬ 
terior extremity. Both stomodaeum and proctodaeum are reflexions of the 
body wall, and as such have a delicate chitinous lining, the intima, which is 
continuous with the chitin of the exoskeleton. The proctodaeum is divided 








5 8 THE HOUSEFLY 

into an anterior portion, the distal intestine, and a posterior, dilated portion, 
the rectum. A cone-shaped expansion of the distal intestine just anterior to 
the rectum has been designated the rectal valve. The anterior portion of the 
rectum is lined by cubical cells that impart to the intima a tuberculate ap¬ 
pearance. The middle portion, which is dilated, contains the four fingerlike, 
rectal glands, two on either side. The short, terminal portion has thickened 
muscular walls. The rectum opens to the exterior by way of the anus, which 
in the male sex appears as a vertical slit, surrounded by the sclerites of the 
hypopygium. In the female fly, due to the manner in which the segments of 
the ovipositor are telescoped within the abdomen, the anus is not easily demon¬ 
strated from without. 


PERISTALSIS 

Abbott (1945), who studied especially the crop and adjacent structures in 
Calliphoridae, states that in the living fly the digestive organs are normally 
in constant motion. The lobes of the crop contract rhythmically, in alternate 
fashion, waves of contraction passing anteriorly to the proventriculus. Except 
when regurgitation takes places, the proventricular sphincter is synchronized 
to relax at the proper moments and thus permit passage of food into the mid¬ 
gut. From this point waves of contraction pass posteriorly. 

The same author found that at a certain narrow point in the hind-gut, 
which may be considered to function as a valve, waves of reverse peristalsis 
operate to effect dilation. Strong, irregular contractions of the rectal sac were 
also observed. These result in cyclical movements of the rectal papillae. They 
are not of a synchronous character. 

SPECIAL SECRETIONS OF THE ALIMENTARY TRACT 

Cornwall and Patton (1914), who studied especially the bloodsucking mem¬ 
bers of this group, found that Philaematomyia crassirostris ( insignis ) possesses 
a powerful anticoagulin in its salivary secretions and another in the mesen- 
teron. The latter is most, active 20 to 44 hours after the fly’s first blood meal. 
Musca nebulo, however, though closely related, produces neither of these 
substances. Musca convexifrons has no anticoagulin in the salivary glands, but 
does have a fairly powerful one in the mid-intestine. Musca pattoni has both 
a powerful anticoagulant in the mid-gut and a much weaker one in the 
saliva. These authors consider this an example of an evolutionary series, the 
bloodsucking forms having descended, apparently, from nonbloodsucking 
Mtwalike ancestors. It is perhaps important to note that salivary secretions 
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of bloodsucking muscoids are rarely, if ever, considered irritating to the hu¬ 
man skin. Evidence to the contrary, however, has been brought forward by 
Pavlovskii, Stein, and Buichkov (1932), who found that saliva, as well as cer¬ 
tain extracts from the crop of M. domestica, contains thermolabile substances 
which, if introduced into the skin of man, may have an inflammatory effect. 
The skin must be injured in some way for penetration to take place, hence 
no irritation is ordinarily noticed in connection with the activities of non¬ 
bloodsucking forms. Fresh wounds, however, provide an opportunity for this 
phenomenon to occur. 


EXCRETION 

Mention has been made of the Malpighian tubes that open into the ali¬ 
mentary tract where mesenteron and hind-gut join together. They present 
a somewhat beaded appearance, and are of uniform width throughout. The 
two branches of each major duct are exceedingly long and convoluted, and 
are intimately involved with the abdominal fat body, from which it is difficult 
to separate them by dissection. The prevailing color of the Malpighian tubes 
is yellowish green. Their excretory function is no longer questioned, as both 
the cells and the lumen may be demonstrated to contain wastes of a urinary 
character. They are continually bathed by the blood in the body cavity, which 
gives ample opportunity for the extraction of these substances. 

The Malpighian tubes of the larvae are similar in number and appearance 
to those found in the adult. Special studies on the larvae of Lucilia and Calli- 
phora by Weinland (1906, T909) showed that these forms, being meat eaters, 
excrete ammonia in large amounts. Wigglesworth (1939) points out that 
though some of this comes from bacterial action, a great deal comes from 
the tissues themselves, as shown by the fact that larvae reared under sterile 
conditions also produce large amounts (Hobson, 1932). It is apparently still 
to be determined whether the ammonia is produced in the Malpighian tubes 
or in the food canal. It is not present in the adult fly (Brown, 1936). Experi¬ 
ments by Aksinin (1929) with Musca domestica showed that the larvae of this 
species also produce ammonia in considerable amount, under certain condi¬ 
tions approaching the output of Calliphora vomitoria. 

THE HAEMOCOEL AND VASCULAR SYSTEM 

The heart or dorsal blood vessel is a more or less cylindrical structure lying 
in the body cavity just beneath the median dorsal line. It extends the length 
of the abdomen and is divided into a small anterior chamber and four larger 
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Figure 29. Circulation of blood in housefly wing. Upper: General direction of the 
flow, indicated by arrows. Lower: Pulsating organs. These four auxiliary hearts, located 
in die base of the wing, serve as aspirating organs, to draw die haemolymph between 
the tracheae and the walls of the veins. (Adapted from E. Thomsen, 1938.) 

chambers all lineally arranged. Near its posterior extremity, each chamber 
has a pair of ostia, dorsolateral in position. At these points, the alar muscles 
arise. These run laterally in the floor of the pericardium, finally attaching to 
the sides of the dorsal abdominal plates. The remainder of the pericardium 
is composed of special large cells interspersed with fat cells. The pericardium 
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has many tracheal connections. From the anterior end of the heart extends 
the dorsal aorta, a slender tube lying above the ventriculus. It terminates in a 
mass of cells believed to be lymphoid in character. 

The blood, which is colorless and full of corpuscles, enters the ostia only 
when the heart is dilated. By rhythmic contractions of the chamber walls, 
it is driven forward through the dorsal vessel and spilled out in the anterior 
portion of the body cavity. The latter is much reduced by the cephalic tracheal 
sacs, air sacs in the abdomen, thoracic muscles, and variable fat bodies, the 
size of which depends upon the insect’s nutritional state. The blood filters 
downward and backward, through whatever spaces are not occupied by vis¬ 
cera, carrying nourishment to all tissues and receiving wastes from them. 
The latter are removed chiefly by the Malpighian tubes. Eventually the blood 
finds its way once more into the ostia of the heart. The blood continually 
receives the products of digestion from the alimentary tract. Material not 
required immediately for the nourishment of the tissues is stored chiefly in 
the fat body. 

The existence of pulsating organs or auxiliary hearts has been demonstrated 
in many insects, and it would be strange if the housefly lacked them. Wiggles- 
worth (1939) points out that such structures are commonest in the thorax, 
where they appear to consist of a muscular plate that encloses a blood space 
beneath the dorsal wall of the thorax, often in the scutellum. Pulsating organs 
in the extremities are of obvious value. Of greatest use to a rapidly flying in¬ 
sect would be auxiliary hearts to serve the wings, and in this regard the 
housefly is well equipped. 

According to E. Thomsen (1938), there are four auxiliary hearts (pulsat¬ 
ing organs) in each wing of Musca, lying on the course of the efferent veins. 

Many students are under the impression that the wing of the adult fly is 
essentially a dead structure, inasmuch as when the body fluids are withdrawn 
from the wing pad of the pupa and the wing assumes its definitive form, 
all parts appear to become dry and stiff. Such, however, is not the case. Ac¬ 
cording to Wigglesworth, circulation of blood in the wings of insects was 
first noted by Baker in the grasshopper in 1744. In more recent times, Yeager 
and Hendrickson (1933, 1934) have reported at length on circulation in the 
wings of cockroaches. The phenomenon is now believed to be universal. The 
blood (haemolymph) enters the wing in the costal region, returning along 
the posterior margin. It is believed to travel between the tracheae and the 
walls of the veins. The pulsating organs, whether in the thorax or in the 
afferent veins, serve as an aspirating mechanism to draw the haemolymph 
through the venous network of the wing. This is accomplished by dilation, 
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which occurs, apparently, when the thoracic muscles relax. Blood enters the 
costal region of the wing from adjacent intermuscular spaces of the thorax. 

ADIPOSE TISSUE 

The fat body or, more properly, fat bodies of the fly occupy a considerable 
portion of the coelom and are richly supplied with tracheae. Besides serving 
as a reservoir of food energy, they presumably function for the temporary 
storage of nitrogenous wastes. Scattered throughout the mass are large cells 
of the oenocyte type (Perez, 7910), arranged in clusters. According to Janet 
(1907), the imaginal fat body arises during development from mesodermal 
leucocytes. 



sac; 5, posterior cephalic sacs; 4, ventrolateral cephalic sac; 5, cervical tracheal duct; 
6 , anterior ventral thoracic sac; 7, posterior ventral thoracic sac; 8 , abdominal air sac; 
9, longitudinal sac; 10, air sac supplying sternodorsales muscles; 11, air sac supplying 
dorsales muscles; s, spiracles. (Freely adapted from Hewitt, The House-Fly [Cambridge 
University Press, 1914].) 


THE TRACHEAL SYSTEM 

This is very well developed in muscoid flies. In a freshly dissected specimen, 
the tracheae are nowhere near as conspicuous as the large thin-walled air sacs 
that occur in almost every portion of the body cavity. 

According to Wigglesworth (1939), these saccular dilatations frequently 
owe their great size to the fusion of the matrices of adjacent tracheal branches. 
In Musccr, the walls of the sacs become bound to muscles and other adjacent 
tissue by a great number of small tracheal branches. In some parts of the 
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body, the air sacs are subject to collapse, but in the head and in certain loca¬ 
tions in the thorax, they remain permanently expanded. If, as sometimes oc¬ 
curs, a nerve or muscle traverses such a chamber, it is invested with ordinary 
tracheal coverings with the layers in reverse order, the cuticle being on the 
outside. At least Janet (1911) has so demonstrated in the bee. 

It will be recalled that there are two pairs of thoracic spiracles and five pairs 
of abdominal ones in both males and females. It should be mentioned that 
the male fly has two additional pairs in the membrane that joins the rudi¬ 
mentary sixth and seventh abdominal sclerites. Each spiracle, regardless of 
location, leads to a shallow vestibule that is partially separated by a valvclike 
mechanism from the atrium within. In the abdominal segments, the atrium 
leads only to tracheae of the conventional type, which ramify among the 
visceral organs and divisions of the fat body. The air sacs, already mentioned, 
arise entirely from the thoracic spiracles. Each anterior thoracic spiracle is 
surrounded by a conspicuous peritreme, while the posterior pair, which are 
rather triangular in shape, are less conspicuous. All have their openings 
guarded by branched, dendritic processes that serve to exclude solid particles. 
All lead to vestibules with interior valves. 

Each anterior spiracle serves two systems of tracheal sacs. One of these 
includes the anterior ventral thoracic sac that supplies the thoracic ganglion, 
a vertical sac that serves the anterior sternodorsales muscles, a flat sac that 
lies close to the dorsales muscles, and an elaborately branching, elongated sac 
that runs laterally to the alimentary canal. This last supplies several muscles 
and%lso the second and third legs, and finally gives rise to the great abdominal 
air sac, which, with its fellow of the opposite side, occupies nearly half of the 
abdominal cavity. 

Early entomologists believed that the huge abdominal air sacs served chiefly 
for the purpose of giving buoyancy in flight. This may be true to a limited 
extent, since muscular contractions probably produce sufficient heat to cause 
some expansion of the air that they contain. More important, however, is 
the fact that they provide space that various expanding abdominal organs 
may occupy without materially affecting the fly’s exterior proportions. It has 
been shown that in Lucilia the newly emerged adult has only small abdominal 
air sacs, while the gut is dilated with gas. Ten hours later, however, the con¬ 
dition is reversed. Also, as the fly continues to feed, the fat body and espe¬ 
cially the ovaries come to occupy a greater portion of the available space. 
Although this results in marked reduction of the air sacs, gravid females ap¬ 
pear to fly as well as ever. The obvious function of the abdominal air sacs as 
reservoirs of oxygen is apparently taken over by the thoracic and cephalic 
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Figure 3/. Ventral view of Musca domestica with abdomen distended. Note relatively 
tiny ventral sclerites and greatly expanded conjunctival areas with tracheal branches 
showing through. (Photograph by N. A. Cobb; copyright, National Geographic Society.) 
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chambers when pressure from other organs causes the abdominal units to 
collapse. The second system of chambers, which arises from the anterior 
side of the spiracle, includes first a flattened sac that serves the neck and an¬ 
terior leg, then narrows to form a cervical tracheal duct extending into the 
head. After giving off lesser ducts, which serve the tentorium, each cervical 
duct unites with that from the opposite spiracle to form a common unit from 
which three elements, one median and two lateral, lead forth. The median 
duct enlarges into the bilobed dorsocephalic sac. Each lateral leads to a pos¬ 
terior cephalic sac consisting of an optic unit and a vertical, ventroposterior 
portion. From the tentorial tracheal ducts, a number of sacs arise which by 
secondary branching serve the anterior region of the head, including the 
antennae, rostrum, palpi, haustellum, and other parts. 



Figure 32. Tracheniion in housefly wing. Certain tracheae persist in the wing of the 
adult fly. Their course is shown by dotted lines. (Adapted from E. Thomsen, 1938.) 

The posterior thoracic spiracles give rise to sacs that supply those portions 
of the median and posterior thorax not adequately served by other elements. 
The large muscles of the body wall are the organs chiefly concerned. No 
branches extend either to the head or to the abdomen. 

It should be remembered that the exchange of gases which makes possible 
true internal or tissue respiration takes place to little or no extent through 
the walls of the tracheae or air sacs, but rather through the thin-walled 
tracheoles in which all tracheal branches terminate. It is generally accepted 
that the tracheoles are of unicellular origin. 

According to Weismann (1863), the tracheae of muscids fill with gas dur¬ 
ing development, while the insect is still bathed in fluid. He believed that this 
gas was liberated from solution in the tissue fluids. 
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REPRODUCTIVE ORGANS OF THE FEMALE 

In mature females, the ovaries come to occupy the greater portion of the 
abdominal cavity. Each lies ventral and lateral to the food canal, which thus 
rests in the trough-shaped space between them. Seventy or more egg tubes 
go to make up each gonad. The ventral portion of each tube is normally 
distended by a single mature ovum, while two or three immature gametes 
are indicated by progressively smaller bulges in the distal portion. All the egg 
tubes of each ovary communicate with a thin-walled oviduct situated in the 
last abdominal segment. The two oviducts, which are very short, unite almost 
at once to form the common oviduct, which curves dorsally and forward to 
approach the ovipositor at a point somewhat ventral to the rectum. Here it 
dilates to form the sacculus, which is continuous with the still larger vagina. 
The latter opens into the ovipositor just behind the subanal plate of segment 
9. Close to the junction of the sacculus and the vagina, a number of ap¬ 
pendages are found. These consist of a pair of saclike accessory copulatory 
vesicles, a pair of elongated accessory glands, and three spermathecae, one 
on the right side and two on the left. Each spermatheca consists of a slender 
duct leading to a chitinous, oval capsule, black in color. Each capsule is par¬ 
tially enclosed in the cuplike distal expansion of the cellular wall of its duct. 
The intima of the duct is continuous with the chitinous wall of the capsule. 
The accessory glands are believed to secrete an adhesive fluid that covers each 
egg and causes it to adhere to the substratum or to other ova. 

The foregoing description assumes the ovipositor to be in the retracted or 
withdrawn position. This structure, which consists of the four terminal 
segments of the abdomen, has been described in some detail in Chapter II. 
When retracted, the segments are telescoped, each within the other, an 
arrangement made possible by the extreme flexibility of the intersegmental 
membranes. The last (ninth abdominal) segment consists of a dorsal sclerite, 
also the principal subanal plate, already mentioned, and a second more ventral 
subanal plate, just in front of which may be found the female genital aperture. 
Visible externally, even when the ovipositor is withdrawn, are the two lateral 
tubercles of segment 9, each of which bears a number of stiff hairs. 

It is of interest to note that though unmated females will deposit eggs, the 
number is nowhere near as great as with mated individuals (Glaser, 1923a). 
Fertile eggs occasionally hatch within the uterus, especially if oviposition is 
interfered with for any reason. This is rare in houseflies, but normal in Musca 
larvipara, where, according to Keilin (1916), only a single large egg passes into 
the uterus at one time. It invariably hatches at the time of oviposition, which 
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thus becomes larviposition. Musca larvipara is, therefore, an ovoviviparous 
species. 

Sikes and Wigglesworth (1931) state that all muscid larvae, in hatching, tear 
a hole in the vitelline membrane of the egg with their mouth hooks. 



Figure 33. Reproductive organs. Lejt: Female. /, ovary; 2, egg tubes; 3, left oviduct; 
4, common oviduct; 5, sacculus; 6, vagina; 7, copulatory vesicle; 8, accessory glands; 
9, spermatheca; 10, lateral tubercle (cercus) of ovipositor. Right: Male. 1, testis; 2, vas 
deferens; 3, ejaculatory duct; 4, ejaculatory sac; 5, rectum, containing the four rectal 
glands. (Adapted from several authors.) 

REPRODUCTIVE ORGANS OF THE MALE 

The two brownish testes lie opposite one another in abdominal segment 5. 
Each is somewhat pear-shaped, with the small extremity pointing toward 
the median line. The short, slender vasa deferentia unite to form a single 
long, coiled ejaculatory duct, the first portion of which has a much greater 
diameter than the more distal part. The course of the ejaculatory duct is 
interesting. It first runs forward, then ventrally, followed by several convolu¬ 
tions on the left side of the body cavity. From here the duct, becoming more 
slender, arches dorsally above the rectum to run forward on the right side, 
curve downward, and complete its course by running caudally along the 
median ventral line. Before reaching the penis, the ejaculatory duct enlarges 
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into an ejaculatory sac, the wall of which is fortified by an ejaculatory sclerite. 
This structure is subject to muscular control and is believed to assist in the 
ejaculation of the semen. There are no accessory glands. The chitinous struc¬ 
tures concerned with copulation have been described at length in Chapter II. 

THE MUSCULAR SYSTEM 

The bulk of the body wall, especially in the vicinity of the wings, and like¬ 
wise most of the nonchitinous portions of the legs prove to be made up of 



Figure 34. Cross section of thorax. Left: Schematic diagram at level of posterior 
thoracic spiracle. Muscles are purposely omitted, j, dorsal blood vessel; 2, food canal; 
3, salivary duct; 4, ventral diverticulum (crop); 5, thoracic air sacs; 6, spiracle; 7, com¬ 
pound thoracic ganglion; 8, portion of wing; 9, coxa of mesothoracic leg. Right: Oblique 
section through wing base and third coxa, to show massive character of thoracic muscles. 
/, wing base; 2, aperture for food canal; 3, ventral diverticulum; 4, trachea from spiracle; 
M, muscle bundles. 

muscular tissue. As with many insects, man is impressed by the apparent 
strength of M. domestica in proportion to its size. A housefly, for example, 
can carry a match (Metcalf and Flint, 1928). The power of insect muscle is, 
however, apparent rather than real, as repeated investigations have shown it 
to be much less powerful in proportion to area of cross section than the mus¬ 
cles of vertebrate animals. Large vertebrates, it should be remembered, must 
first support and transport their own weight, regardless of whether or not they 
accomplish any additional work. It seems quite evident that a housefly en¬ 
larged to the size of a helicopter would not only fail to fly but would probably 
be quite unable to crawl or even to stand. 

Histologically the muscles of insects do, however, remind us of the volun- 
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tary muscles of vertebrates (Sharpy-Schafer, 1938). Alternate light and dark 
bands at right angles to the long axis of the muscle fibers are characteristic of 
both. The color, however, is rarely the same. Insect muscles are whitish or 
transparent, while the color of vertebrate muscle is often pinkish or red. 

Several thorough studies of the musculature of flies exist in available litera¬ 
ture. Hammond published on the thorax of Musca (Calliphora) vomitoria 
in i88r, and in the same year Kunckel d’Herculais treated of the syrphid genus 
Volucella. It was a period in which great enthusiasm for morphological 
studies was being shown. Lowne’s studies on blowflies (1870, 1895) also rep¬ 
resented an important contribution. 

Hewitt (1914a) grouped the important muscles under five heads: 

1. Segmental muscles. Although the elaborate segmental muscles of the 
larva are lost for the most part in the adult fly, a few homologous elements 
remain. These are the cervical muscles, the minor muscles of the thorax, 
the thoracoabdominal muscles, the segmental abdominal muscles, the mus¬ 
cles of the ovipositor, and the muscles of the male gonapophyses. 

2. Muscles of the thoracic appendages. These are the muscles of the root 
of the wing, the muscles of the halteres, the flexors of the coxae, and the internal 
muscles of the leg. 

3. Special muscles. The muscles of the penis, the muscles of the spiracular 
valves, and various miscellaneous small muscles fall here. 

4-5. The muscles of the cephalic region and the principal muscles of the 
thorax are of considerably greater importance than the foregoing groups. They 
are listed in Table 1. 


THE NERVOUS SYSTEM 

There is marked cephalization of the central nervous system in muscoid 
flies. The brain or supraoesophageal ganglion is so intimately fused with the 
suboesophageal mass that the two appear as one, perforated by a small central 
aperture or foramen for the passage of the food canal. In dorsal view, the 
brain appears to consist of three parts, the central cephalic ganglion proper, 
which is poorly divided by a median longitudinal fissure, and two large, 
lateral optic lobes, which serve the 8,000 or more ommatidia of the two com¬ 
pound eyes. The ocellar nerve that arises in the median Line proceeds dorsally 
to the simple eyes. The two antennal nerves arise one on either side from 
the anterior portion of the central ganglionic mass. Histological sections show 
that the peduncles of the optic lobes arise from the procerebrum, the antennal 
nerves from the deutocerebrum or second brain segment. The tritocerebrum 
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is represented by the most dorsal portion of the brain, the contiguous frontal 
lobes. 

The suboesophageal portion of the cephalic ganglion gives off a pair of 
pharyngeal nerves that arise from the region of the almost obsolete circum- 

Tablc 1 


A. Muscles of the cephalic region 


Name 

Origin 

Insertion 

Function 

Dilators of the 
pharynx 

Anterolateral re¬ 
gion of fulcrum 

Dorsal plate of phar¬ 
ynx 

Pump food into 
oesophagus 

Retractors of the 
fulcrum 

Internal margins 
of genae 

Posterior cornu of 
fulcrum 

Rotate fulcrum on 
epistome in retrac¬ 
tion of proboscis 

Retractors of the 
haustellum 

Dorsolateral re¬ 
gion of occiput 

Dorsal margin of 
theca 

Aid in folding and 
retraction of pro¬ 
boscis 

Retractors of the 

rostrum 

Sides of occipi¬ 
tal foramen 

Halfway down mem¬ 
branous rostrum, pos¬ 
terior side 

Draw in rostrum 
during retraction 
of proboscis 

Flexors of the 
haustellum 

Sides of occipi¬ 
tal foramen 

Base of labral apo- 
deme 

Flex haustellum 

; against rostrum 

Extensors of the 
haustellum 

Distal cornu of 
fulcrum 

Head of labral apo- 
deme 

Straighten probos¬ 
cis 

Accessory flexors 
of haustellum 

Lower anterior 
margin of ful¬ 
crum 

Head of labral apo- 
deme 

Flex haustellum 

against rostrum 

Flexors of 
the labrum- 
epipharynx 

Anterior upper 
edge of fulcrum 

Proximal end of 
labrum-cpipharynx 

One pair extends 
haustellum; two 

pairs flex it 

Retractors of the 
furca 

Upper portion of 
theca 

Upper half of lateral 
process of furca 

Diverge lateral 

processes of furca 
and open oral lobes 

Retractors of dis- 
cal sclerites 

Lateral edges of 
upper portion of 
theca 

Sides of discal scle¬ 
rites 

Diverge discal scle¬ 
rites and open oral 
pit 

Dilators of 

labium- 

hypopharynx 

Middle region of 
theca, near mid¬ 
dle line 

Lateral edges of labio- 
hypopharyngeal scle- 
rite 

Widen channel 
of labium- 
hypopharynx 

Dilators of 

labrum- 

epipharynx 

j Radially arranged in wall of labrum- 
epipharynx 

Regulate size of 
| pharyngeal channel 
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B. Principal muscles of the thorax 


Name 

Origin 

Insertion 

Function 

Dorsales 
(6 pairs) 

Postscutellumand 

mesophragma 

Prescutum and ante¬ 
rior region of scurum 

Loosen alar mem¬ 
brane and depress 
wing 

Sternodorsales 

2 pairs 

Prescutum and 

scutum 

Mesosierinnn 

Tighten alar mem. 
bra lie and elevate 
wing 

1 pair 

Scutum 

_ 

Postscutellum above 
spiracle 




Figure 55. Fibers of insect muscle. K, Krause’s membrane, dividing light 
band; S, sarcous elements, forming dark band; H, line of Hensen, dividing 
dark band; P, sarcoplasm, consisting of longitudinal lines, with dots. (Freely 
adapted from Sharpy-Schafer, 1938.) 
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oesophageal connectives. These extend forward to encounter the pharynx 
opposite the posterior cornu of the fulcrum. More ventral in origin are the 
labial nerves that extend the length of the proboscis. Their motor fibers in¬ 
nervate the muscles of that organ, while the sensory fibers branch freely in 
the oral lobes. 

Extending backward from the suboesophageal ganglion is the cephalo¬ 
thoracic nerve cord, which appears to have lost all evidence of its original 
double character. Just before reaching the thoracic ganglion, this cord gives 


Figure 3(5. Plan of adult nervous sys¬ 
tem. /, antennary nerve; 2, pharyngeal 
nerve; 3, ocellar nerve; 4, optic pedun¬ 
cle; 5, space for oesophagus; 6, cephalo¬ 
thoracic nerve cord; 7, cervical nerve; 
8, prothoracic dorsal nerve; p, protho- 
racic crural nerve; 10, mesothoracic 
dorsal nerve; 11, accessory mesothoracic 
dorsal nerve; 12, mesothoracic crural 
nerve; 13, metathoracic dorsal nerve; 
14, metathoracic crural nerve; 15, ac¬ 
cessory metathoracic dorsal nerve; 16, 
abdominal nerve cord; ly, abdominal 
nerves of thoracic origin; 18, abdomi¬ 
nal nerves of local origin; C, cephalic 
ganglion; T, thoracic (compound) 
ganglion. (Adapted from Hewitt, The 
House-Fly [Cambridge University 
Press, 1914].) 
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rise to the two cervical nerves, which extend forward, one on either side, to 
innervate the muscles of the neck. The compound thoracic ganglion repre¬ 
sents a fusion of the prothoracic, mesothoracic, and metathoracic ganglia with 
the so-called abdominal ganglion, from which extend backward the abdom¬ 
inal nerve and all its branches. The entire compound ganglion lies in the 
forward portion of the thorax. It is fully twice as long as broad, with the 
posterior portion somewhat narrowed. Dorsally it gives rises to the prothoracic, 
mesothoracic, and metathoracic dorsal nerves, which serve largely the thoracic 
muscles. Of these, the metathoracic are the largest, and supply the halteres. 
Also dorsal in origin are the accessory mesothoracic and methathoracic pairs, 
each caudal to the pair it supplements. More ventral in origin are the 
prothoracic, mesothoracic, and metathoracic crural nerves, which supply chiefly 
the three pairs of legs. 

The ganglia are united dorsally by a continuation of the cephalothoracic 
nerve in the form of a median longitudinal band. In this portion of the cord, 
a median dorsal fissure is clearly evident. Both the cephalic ganglion and the 
compound thoracic ganglion are enclosed in a cortical sheath that must be 
removed if the constituent parts are to be clearly understood. This sheath is 
composed of two kinds of cells. The smaller cells have large nuclei, scant 
protoplasm, and anastomose freely with one another. The larger cells, which 
are fewer, may be described as ganglionic cells of unipolar, bipolar, and tri- 
polar types. 

The abdomen is served by two pairs of nerves that arise in the thorax plus 
a series of nerves that branch off alternately from the median abdominal ex¬ 
tension of the cord. 1'his median nerve terminates in the genital structures. 

The sympathetic nervous system will not be described except to say that 
the cephalic ganglion gives rise to a slender nerve that extends backward 
above the food canal to the proventricular ganglion. From this ganglion, most 
of the visceral (sympathetic) fibers take their origin. 

Our discussion of the nervous system would not be complete without refer¬ 
ence to certain special sensory functions by which the fly is able to adapt itself 
to the environment in which it lives. These will be discussed under a number 
of separate heads. 


CHEMICAL PERCEPTION 

There is no absolutely satisfactory distinction between taste and smell. In 
man, the perception of the qualities of sweet, sour, salt, and bitter is regarded 
as belonging in the category of taste, and all other chemical perceptions as 
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belonging to the sense of smell; but with flies it is doubtful if even this dis¬ 
tinction can be made. 

For the purpose of the following discussion, it may be considered that 



Figure 37. Compound thoracic ganglion with cortex removed. Upper: Ventral view. 
Lower: Lateral aspect. 1, prothoracic dorsal nerve; 2, prothoracic crural nerve; 3, 
cephalothoracic nerve cord; 4, prothoracic ganglion; 5, mesothoracic dorsal nerve; 6, 
mesothoracic ganglion; 7, accessory dorsal mesothoracic nerve; 8, mesothoracic crural 
nerve; 9, metathoracic ganglion; 10, metathoracic crural nerve; 11, metathoracic dorsal 
nerve; 12, abdominal ganglion; /3, abdominal nerve cord; 14, accessory metathoracic 
dorsal nerve. (Adapted from Hewitt, The House-Fly [Cambridge University Press, 
1914].) 

smell relates to perception of vaporous substances, and taste to an appreciation 
of contact with materials in the liquid or solid state. 

As with Calliphora, Drosophila, and many nondipterous insects, the organs 
by which the housefly is able to perceive stimuli of a chemical nature are 
located in part at least on the distal extremity of the tibia and on the tarsal 
segments. 

Hayes and Liu (1947), who studied the tarsal chemoreceptors of the house¬ 
fly histologically, noted that chemoreceptive sensilla occur only on tarsal seg- 
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ments 2 to 5 and that they are always lateral in position. Each chemoreceptive 
organ consists of a group of more or less spindle-shaped sense cells, subepi- 
dermal in position and covered with a nucleated neurilemma. The latter is 
continuous with the neurilemma of the longitudinal nerve. The distal end of 
the sensilla is attached to a long, thin-walled chemoreceptive seta. Hayes and 
Liu failed to find comparable structures either in the cockroach or in the 
Mexican bean beetle, and suggest that the housefly’s greater susceptibility to 
DDT may possibly depend upon its chemoreceptive organs. In this connection 
it should be noted that the cuticula of M. domestica measures only 12.5 to 
25 microns in thickness, while that of Epilachna ranges from 25 to 45 (larvae 
15 to 40) and that of Blatella from 60 to as great as 90. 

Sarkaria and Patton (1949) studied the histology of the pulvillus of house¬ 
flies as compared with that of the honeybee, milkweed bug ( Oncopeltus ), 
and German cockroach, but could find no microscopic reason for the greater 
susceptibility of Musca domestica. to DDT. They put forward three sugges¬ 
tions. namely, (1) that the fly travels in such a manner that its pulvilli are 
more constantly in contact with the surface than in the case of other species, 
^2) that the longer tenent hairs on the housefly pulvillus may trap crystals of 
DDT and hold them in contact with the foot, (3) that the pulvillar secretion 
is perhaps an effective solvent of DDT. 

Deonier and Richardson (1935) tested the tarsal chemoreceptor response 
of Musca domestica to sucrose and levulose and found that an average of 90 
per cent of the flies tested reacted positively. Flies permitted to feed first gave 
a lower percentage response than was the case with hungry flies, and starva¬ 
tion increased the percentage noticeably. Levulose was less effective than 
sucrose in all experiments. Further work by the senior author (1938) showed 
that poisonous concentrations of injurious substances elicited a negative re¬ 
sponse as shown by the behavior of the proboscis. Many nonvolatile sub¬ 
stances were tested. A repellent concentration either failed to cause extension 
of the proboscis or, if the proboscis were already extended, caused it to be 
withdrawn. Deonier later (1939) extended his investigations to the blow¬ 
flies, Cochliomyia americana and Phormia regina. In these, also, extension 
of the proboscis followed stimulation of tarsal chemoreceptors by sucrose or 
other attrahents. Both sexes appeared to react in the same manner. The results 
are in general agreement with those obtained by Minnich (1929), who 
studied the chemical sensitivity of the legs in the genus Calliphora. 

For reception of stimuli of a vaporous character, the antennae are undoubt¬ 
edly of value. According to Liebermann (1925), dung-feeding muscids have 
more sensory pits and sensilla than other species, and males are more 
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abundantly supplied than females. In this group, it is normal to find a number 
of rods or cones arising close together at the bottom of a fairly deep pit. Each 
is connected with its own sense cell, from which a nerve strand extends in¬ 
ternally (Fig. 38). In flight, muscoid flies usually extend the antennae forward 
by which means the olfactory pits are better exposed to the “head wind.” Per¬ 
haps the tendency of houseflies to travel against the wind or crosswise, rather 
than with the breeze, depends upon this reflex. 




Figure j8. Special sensory structures. Lcjt: Antennae, erected, as in flight. A con 
tinuous stream of air encounters the olfactory pits. Fight: Single olfactory pit, much 
enlarged. R, sensory rod; S, sensory cell. (Adapted from Wigglesworth, Principles oj 
Insect Physiology, Fig. 133 [after Liebermann|, by permission of Methuen & Co., Ltd.) 

Until tested experimentally, the attractive or repellent qualities of particular 
substances cannot usually be predicted. Laake, Parman, Bishopp, and Roark 
(1931) studied the chemotropic responses of houseflies, greenbottles, and black 
blowflies. Ethyl mercaptan, chloroform, butyraldehyde, arsenic solutions, and 
formaldehyde all proved attractive to Musca domestica. Geraniol, bromo- 
form, and certain other substances made meat more attractive to flies, but the 
several species differed greatly in their response. No flies approached meat 
treated with clove oil or powder carried in vegetable oils. Pine-tar oils proved 
the most effective repellents. 

Earlier work by Speyer (1920), who studied decomposition products of 
banana and related compounds, is very illuminating. Unfermented carbo¬ 
hydrates, in general, attracted the flies very little. Valerianic acid, amyl acetate, 
and amyl alcohol were attractive in the order named. Unripe bananas were less 
attractive than all three; fermented banana was more so. Dried residue, fol¬ 
lowing fermentation, attracted not at all. In generalizing for the amyl com- 
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pounds, Speyer states that the saturated alcohols, the aldehydes, and the acids 
elicit a positive chemotropism. Where the methyl group (CH ;i ) is introduced, 
these substances are still positive except where the molecular weight falls 
around 30 or below, 30 being the molecular weight of methyl alcohol. There 
is an aggravation of the chemotropic stimulus where the methyl group is 
augmented by combination with (CH 2 )x. No positive response is given to 
compounds containing the benzene ring. Such substances, however, are not 
necessarily repellent. Speyer found no relation between the volatility of any 
substance and the intensity of the response. He suggested that saturated com¬ 
pounds which contain the molecular group CH :J (CH 2 )x may be the source 
of stimuli by which houseflies are guided to their food. Essential oils, with few 
exceptions, Speyer found repellent or at least unattractive. Each species tested 
responded somewhat differently to the compounds offered. 

It has already been mentioned that certain substances which are attractive 
at a relatively low concentration may be repellent at a higher one. This was 
further demonstrated by Wieting and Hoskins (1939), who studied the ol¬ 
factory response of M. domestica by means of an olfactometer of their own 
designing. Streams of air, heated to 41 °C (i05.8°F) were employed to at¬ 
tract flies to desired areas. The concentration of the vapors was controlled 
by flow meters connected with saturation chambers. Both males and females 
were attracted to ammonia in concentration of 0.012 per cent (by volume). 
They were strongly repelled, however, by any concentration greater than 0.03 
per cent. Ethyl alcohol proved feebly attractive up to 0.012 per cent but acted 
as a repellent above 0.05. These workers were unable to detect any response 
to C 0 2 in concentrations of 2 per cent or less. It is perhaps noteworthy that 
whereas ammonia proved more attractive to females than to males, with ethyl 
alcohol the situation was reversed. 

Steiner (1945), working with Phormia regina, found that odors which were 
at first strongly repellent to the flies became much less so as the insects 
became accustomed to them. 

In addition to serving as chemical receptors, the antennae are likewise 
sensitive to slight changes in external pressure, such as might affect a sensitive 
barometer. Wellington (1946b) tested seven species, including Musca do¬ 
mestica, and concluded that this pressure-sensitive apparatus, which, he states, 
is confined solely to the antennae, enables the fly both to evade attack and 
to escape crushing by a falling object. 

In the normal fly, it is the aristae that perform this function, and one 
arista alone will serve the purpose, though the efficiency seems to be in propor¬ 
tion to its length. The degree of plumosity is of slight importance, apparently. 
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as Tachinidae with their essentially bare aristae startle as readily as Calli- 
phoridae and Muscidae. Such pressure-sensitive aristae Wellington terms 
“external baroreceptors.” He discusses the reactions of flies to waves produced 
merely by passing the hand near the normal insect. These reactions are defi¬ 
nitely directional. With a portion of the arista removed, the responses are 
more sluggish; with the arista absent, directional responses cease. Gaffron 
(i9^3) points out that flies which would be instantly disturbed by a sudden 
motion of the hand are not so disturbed when protected by a glass container. 
Vision, evidently, is of slight or no importance in their reactions. For discus¬ 
sion of the erratic flight of houseflies prior to thunderstorms, see Chapter IX. 

The transmission of the stimulus to the brain involves an additional ap¬ 
paratus present in the pedicels of the antennae. If the conjunctival plates of 
the second segments be exposed, the insects retain only a partial sensitivity to 
pressure, while the removal of the pedicels results in complete loss of wave 
sensitivity. Covering these structures with collodion produces the same re¬ 
sult. Imms (1938) states that Johnston’s organ is probably auditory in func¬ 
tion, and thus it is logical to suppose that pressure vibrations may also be trans¬ 
mitted by this apparatus, since sound itself is a pressure-wave phenomenon. 

Frings (1941b) studied the olfactory sense in the blowfly Cynomyia cada- 
verina. He found the antennae and the labella to be the sole bearers of olfac¬ 
tory end organs in that species, and suggested that the function might be 
somewhat differently specialized in the two locations. TJie antennal end or¬ 
gans, for example, probably function as chemoreceptors over a considerable 
distance and provide for chemotropic orientation of a directional nature. The 
labellar end organs, on the other hand, are believed to be nondirectional in 
nature, serving to receive stimuli of a combined gustatory and olfactory char¬ 
acter while the insect is feeding. 

When one considers the various types of chemoreceptors on the fly’s body, 
it will be realized that those of the antennae are especially adapted for per¬ 
ceiving the presence of vaporous substances, those of the oral lobes for tasting 
solutions and suspensions, and those of the tarsi for initiating reflex behavior 
that leads to the exercise of the tasting function. All may be sensitive to the 
same substances, though in varying degree. Thus Minnich (1931), who 
studied particularly the gustatory function of the marginal hairs of the oral 
Jobes in Calliphora, made some interesting comparisons in regard to their 
sensitiveness to sugars of different types. He found saccharose and maltose to 
be particularly stimulating, with glucose and lactose less so, in the order 
named. The order of effectiveness was the same for the chemoreceptors of 
the legs, but the latter were sixteen times as sensitive to saccharose as were 
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the oral lobes. For lactose the comparison was reversed; the labella were 
stimulated by sufficiently high concentrations, while the legs were wholly in¬ 
sensitive to this particular sugar. 

CONSIDERATIONS RELATING TO VISION 

Wigglesworth (1939) states that each compound eye of Musca contains 
approximately 4,000 facets. This genus has an ommatidial angle of 3 degrees, 
but the narrowest stripe that appears to be perceived subtends an angle of 
5 degrees (Gaffron, 1933). 



Figure ji). The eyes of insects. Left: Structure of an ocellus. 1, cornea; 2, rbabdom; 
5. retina; 4, hypodenuis; 5, nerve. Right: Diagrammatic representation of compound 
eye. 1, corneas; 2, rhabdom; 5, crystalline cones. (Redrawn from Comstock, 19.36.) 


Considerable interest thus attaches to the question as to how frequently two 
or more individual ommatidia may be coupled to a single nerve. Data are 
not available for the genus Musca, but histological studies on Calliphora have 
shown that coupling is much less pronounced in the anterior region of the 
eye, which would make this the region of greatest visual acuity. 

The cones of the ommatidia in Muscidae are represented merely by a mass 
of liquid secreted by the crystalline cells. Such eyes are termed “pseudocone” 
eyes, the lens system being composed chiefly of the cornea. The images are 
formed by apposition. Thus they differ from those insects that possess a true 
crystalline cone (eucone type), and also from those in which a cone is formed 
by an invagination of the cornea, to which the term “exocone” eye has been 
applied. 

Of considerable interest because of its relation to possible control procedures 
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is the physiological response of flies to color. This has been studied recently 
by Waterhouse (1948), who released houseflies into a Peet-Grady chamber 
with a white lacquered interior. The corners were of various colors and were 
so arranged that they might be moved. Data consisted of interval counts of 
flies resting on the various colors. Red was most commonly preferred, with 
dusky blue a second choice. Yellow and medium-gray surfaces were equally 
popular as third-choice colors. Green came next, followed by light gray. Least 
used were surfaces painted sky blue or white. In general, it may be said that 
the surface which absorbs the most, that is, reflects the least total illumination, 
is the more attractive to domestic flies. Such discrimination, however, depends 
upon the relative constancy of other environmental factors. Houseflies always 
appear to be more sensitive to chemical stimuli than to quality of light, and 
will respond chemotropically even where it requires contact with surfaces 
of a color that they might ordinarily avoid. 

Larvae probably lack specific organs of vision, but are rather sensitive to 
light intensity, nevertheless. It may be said that in general the maggots of 
Muscidae show a well-marked negative phototaxis. The light-sensitive areas 
are confined to the oral extremity, and although their structural nature is not 
understood, it is accepted that image formation does not occur. The stimulat¬ 
ing effect depends on the brightness of the illumination. If only a single light 
is used, the larvae move in a straight line away from it. If two lights are dis¬ 
played simultaneously, the larvae move along the line dividing the angle 
between the sources, while if the two lights differ in intensity, the line of 
travel deviates away from the stronger source. 

Some workers consider that a pair of conical structures located at the tips 
of the bilobed oral lobes (maxillae) may be regarded as functional organs 
of light perception. These do, in fact, somewhat resemble ocelli, but are totally 
lacking in pigment. Experiments have been performed which tend to show 
that larvae lose their ability to respond to changes in light intensity when these 
structures are removed. Most workers, however, hold contrary opinions. One 
plausible suggestion, which takes into account the fact that sensitivity of larvae 
to light becomes greater with age, is that the imaginal discs of the adult com¬ 
pound eye function as the actual organs of light perception In the larval state. 

COMBINED STUDIES OF CHEMICAL AND VISUAL 
REACTIONS 

An interesting observation was made by Kuzina in 1940 on the relative 
importance of sight, taste, and smell in guiding females of Musca domestica 
to suitable media for oviposition. A number of specimens had glue applied to 
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the proboscis, the latter being in a retracted position. This deprived them from 
using the labella as tasting organs. In another group, the eyes were covered 
with glue, while in a third series, the third antennal segments (which bear 
the aristae) were removed. Both pig and cow dung were made available, and 
the behavior of each group was compared with that of an equal number of 
unmutilated controls. Kuzina concluded that the flies are directed to a suit¬ 
able medium almost entirely by smell, but that taste is a necessary stimulant 
for the deposition of eggs. The taste of milk proved sufficient when a barrier 
of muslin prevented them from reaching dung. Vision he found to be of 
slight importance in either connection. 

GENETIC FACTORS IN RESPONSE 

That differences in response to stimuli may be correlated with differences 
in structure, and are presumably conditioned by them, is well illustrated by 
the work of Wiesmann (1947). Wiesmann’s findings also tend to show that 
such variations in all probability depend upon racial, i.e., genetic, factors. 
The investigation concerned two races of flies, one from Arnas in northern 
Sweden, the other native to Basle, Switzerland. The Arnas flies, it may be 
noted, had the legs much more pigmented, with stiffer tarsal bristles. The 
tarsal segments were broader, and the difference in size of successive tarsal 
segments was less pronounced. Of considerable significance is the fact that 
the cuticle covering the tarsal pads, as well as the articular membranes of the 
tarsal joints, is perhaps one-third thicker in the Arnas strain than in the Basle 
race. This last characteristic appears to have largely to do with differences in 
susceptibility to DDT. The results of laboratory tests were striking. 

The same exposure to DDT which caused knockdown of Basle flies in an 
average of 16 minutes had similar effect on Arnas flies only after 54 to 143 min¬ 
utes. The average was 93. Exposure to a DDT deposit of 0.001 mg. in a petri 
dish caused no reaction in Arnas flies over a twenty-four-hour period but 
caused knockdown of the Basle specimens in an average time of six hours and 
ten minutes. The dabbing of specific parts of the body with 1 per cent DDT 
in acetone showed similar and consistent differences. It may be noted that 
there was least racial difference when the coxae were treated, and most con¬ 
trast when the solution was brought into contact with the head. 

Responses to temperature were studied also. At 45°C (ii3°F), heat torpor 
resulted in Basle flies after 34 minutes; in Arnas flies, after 46. Corresponding 
differences were recorded for other high temperatures except that only 10 
minutes was required for torpor to ensue in either group when the temperature 
reached 55°C (i3i°F). Ffowever, under such conditions, there was too per 
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cent mortality in the Basle group, whereas 43 per cent of the Arnas flies 
recovered. 

At the opposite extreme, exposure to i2°C (53.6°?) made only 18 per cent 
of the Arnas flies torpid at the end of three hours, while all Basle flies became 
torpid in not more than 42 minutes. 

Studies of narcosis brought out racial differences, also. Arnas flies were more 
slowly affected by methyl acetate than the Basle flies, but required a longer 
period for recovery, probably because a much larger amount of the narcotic 
had been taken in before collapse. 

FLIGHT 

How far can a fly travel? From a health standpoint, it is desirable to dis¬ 
criminate between the “potential” or “maximum” flight range and the “effec¬ 
tive” or “average” range over which there may be frequent transmission of filth- 
borne disease. If it were possible so to stimulate a fly that most of its time on 
the wing could be spent traveling in the same general direction, the distance 



is used, whereas in the upstroke the costal margin cuts somewhat edgewise through the 
air. This tracing was made by a species of Calliphora. (Adapted from Wigglesworrh, 
Principles 0 / Insect Physiology, Fig. 77 [after Ritter], by permission of Methuen & Co., 
Ltd.) 

would be relatively enormous—hundreds of miles, perhaps. Cobb (1910b) 
pointed out that the wing muscles of a fly, when weighed, were found to be 
heavier in proportion than those of any bird examined up to that time. For 
this reason, it is exceedingly difficult to tire a fly out. The same author (1910a) 
made accurate measurements on two species of Sarcophaga. He found that 
the two lateral batteries of wing muscle together averaged 5.88 mg., 12.2 per 
cent of the weight of the entire fly. The central battery was slightly heavier, 
averaging 6.75 mg. or 14.1 per cent of the total weight. Twenty-six and three- 
tenths per cent of the weight of the fly is thus seen to consist of muscles 
used in flight. 

In Musca the muscles of flight comprise 11 per cent of the total body weight. 
As with other aerial forms, flight is accomplished largely by the indirect action 
of vertical and longitudinal muscle columns which alter the shape of the 
thoracic capsule by their contraction. The vertical muscles serve in elevating 
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the wing, the longitudinal muscles in depressing it. Various methods have been 
used in studying wing movements. The most satisfactory for a fast-moving 
wing is the use of the cinematograph. In the act of hovering, the wing tips 
trace in the air an elongated figure 8, oblique to the long axis of the body, 
the lower extremity being anterior, the upper posterior, to the vertical. (Fig. 
41.) When, however, the fly is in motion the wings describe a series of open 
loops in which a downward and forward motion alternates with a backward 
and upward movement (Fig. 40). There is also a noticeable rotation of the 



Figure 41. Movement of wing. Illustration shows course of wing tip in a 
svrphid fly (Volucclla) when the specimen is held stationary. (Adapted from 
Wigglesworth, Principles oj Insect Physiology, Fig. 76 [after MagnanJ, by per¬ 
mission of Methuen & Co., Ltd.) 


wing on its long axis. This is due partly to the fact that the anterior margin 
is much less flexible than the posterior, and the latter tends to lag, but in 
some flies, at least (Bull, 1910), the action is essentially muscular, as shown 
by the fact that with most of the wing removed, a species of Tip-ula still in¬ 
clined the remaining stub in opposite directions with each up stroke and down 
stroke as before. This reversal of inclination enables the flying insect to create 
a zone of high pressure directly behind, while a zone of relatively low pressure 
is formed above and in front. Direction is altered by unequal activity of the 
wings on the two sides. There is evidence that in steering, the frequency of 
vibration of the two wings remains the same but the amplitude of vibration 
is altered as required. Sudden sidewise movements are probably brought about 
by temporary cessation of action on one side altogether. 



8 4 the HOUSEFLY 

The rate of vibration has been estimated by (i) pitch of the sound pro¬ 
duced, (2) tracing on a revolving kymograph, (3) motion-picture photog¬ 
raphy. In calculating motion from musical pitch, it should be remembered 
that each wing beat gives rise to two pressure waves so that a note equivalent 
to 600 cycles per second actually represents but 300 strokes of the wing. 

Voss (1913) determined the number of vibrations for Musca as between 
180 and 197 per second. The investigations of Marey (1901) had placed the 
count much higher, in the vicinity of 330. Weldon (1946) also quotes the 
higher figure, stating that the wing of the ordinary housefly beats “almost 
20,000 times a minute.” Chronographs of the wing vibrations of Sarcophaga 
give an average of 203 vibrations per second, with occasional rates as high as 
400 for brief periods of time. 

As for the speed that flies may attain when on the wing, it appears that 
the housefly is among the slower fliers of the insect world, since it travels 
usually at about two meters per second. This is roughly equivalent to 4.48 miles 
per hour, not a great deal faster than a horse can walk. Tabanid flies, on the 
other hand, have been clocked at 4 to 14 meters per second by various ob¬ 
servers. 

Hollick (1940, 1941) developed an ingenious device for studying the mo¬ 
tions of flight in Muscina stabulans. The fly was held stationary and made to 
face air currents of measured velocity. In still air, the unmutiiated fly moved 
the wing tip in the pattern of a modified ellipse, with one end attenuated and 
slightly hooked. With an air flow of 140 cm. per second, the stroke was 
definitely of the figure-8 type, the lower loop being perhaps twice as large as 
the upper. With air flowing into the face of the fly at the rate of 220 cm. per 
second, the figure-8 pattern became more symmetrical, with the upper loop, if 
anything, slightly the greater. The antennae were then removed and the tests 
repeated after an interval of 96 hours. The motion in still air was essen¬ 
tially the same as with the antennae intact. With an air flow of 140 cm. per 
second, the only change was a slight elongation of the ellipse, with the nar¬ 
rowed extremity more sharply hooked. With the air flowing at 220 cm. per 
second, a slight tendency to a figure-8 pattern was achieved; the upper loop, 
however, was exceedingly minute. Obviously the fly requires the sensory 
mechanism of the antennae in order to evaluate properly the fluctuations in 
air pressure and make appropriate modification in the motions of flight. 

THE HALTERES AS ORGANS OF EQUILIBRIUM 

The manner in which the halteres function in assisting equilibrium has been 
much disputed. Von Buddenbrock (1919, 1937) held that their function was 
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purely of a stimulatory character. He considered that the chordotonal and 
campaniform sensillae which they carry are stimulated by their vibratory 
movements and that these stimuli facilitate the conduction of the reflexes con¬ 
cerned in flight. Fraenkel and Pringle, however (1938), consider that these 
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Figure 42. Wing stroke of fly held stationary. A: With antennae intact. B: Twenty-six 
hours after antennae were removed. 1, in still air; 2, facing an air flow of 140 cm. per 
second; 3, facing an air flow of 220 cm. per second. (Modified from camera lucida draw¬ 
ings by Hollick, 1941.) 

knobbed structures function as gyroscopic organs. They are set in motion 
whenever the insect walks or flies and stop when it stands still. The motion 
is up and down at right angles to the fly’s body and involves from 160 to 210 
vibrations per second. These motions alone do not affect the campaniform 
sensilla. Like any gyroscope the halter attempts to hold to the plane in which 
the fly is moving but, of course, is connected to the fly’s body in such a way 
that it must turn as the fly turns. The halter offers a certain amount of resist¬ 
ance to such turning, and lateral shearing forces are set up in the cuticle at its 
base. These, in turn, affect the obliquely placed rows of elongated campani¬ 
form sense organs located there. By this means the fly is enabled to sense and 
control changes in direction. The fly can navigate rather well with only one 
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halter, but is noticeably handicapped by loss of both. Fraenkel (1939) was 
able to offset this effect, however, by affixing a small piece of cotton to the tip 
of the abdomen. This seemed to stabilize the flight and to compensate more 
or less for the loss of equilibrium. Fraenkel considers that the loss in irritability 
and spontaneity evident in flies from which the halteres have just been re¬ 
moved is largely a shock effect. 

A popular account of the gyroscopic action of a fly’s halteres appeared in Life 
August 26, 1946. A more technical discussion will be found in the paper by 
Nageotte (1943), who suggests a functional parallel between the gyroscopic 
action of the halter and the semicircular canal system of vertebrate animals. 

ALIGHTING ON INVERTED SURFACES 

Early suggestions as to how the fly performs this feat fell under two heads, 
(t) The fly starts to loop the loop and, when inverted, finds its feet in contact 
with the ceiling. (2) The fly does a sidewise roll at the moment of contact. 
Blair (1942) offered a third explanation that differs from the first by assum¬ 
ing that the fly approaches the ceiling in the normal position with the front 
feet elevated. These, he believes, make the first contact and adhere to the sur¬ 
face by reason of their sticky pulvilli. Braking or perhaps merely closing of the 
wings then follows, the body being carried forward by residual momentum. 
This would bring the fly into the resting position, upside down and facing the 
direction from which it came. In approaching a vertical surface, a momentary 
hovering accompanied by clutching motions of the feet presumably suffices to 
effect a contact. 

Ingenious as this explanation would seem, it is probably in error, as shown 
by recently successful slow-motion photography. E. D. Eyles (1945) of Kodak 
Research Laboratories, Harrow, England, made photographs at the rate of 
1,500 exposures per second, at which speed the roo-foot length of r6-mm. film 
passed through the camera in a little more than two seconds. By projecting 
at the normal speed of sixteen frames per second, the motions were slowed 
down a hundredfold. The usual performance involved a “half-roll” with the 
fly coming to rest at an angle only slightly divergent from the original direc¬ 
tion of flight. 

Contact with solid objects is itself inhibitory to flight in many insects. 
Fraenkel (1932) observed that a suspended fly with wings vibrating imme¬ 
diately comes to rest if a little ball of cotton wool is placed between its feet. 
Contact with a single claw of one leg is sufficient to inhibit flight in Musca, 
but all such inhibition disappears if the tarsi are amputated. 
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MISCELLANEOUS CONSIDERATIONS RELATING 
TO METABOLISM 

Muscid larvae as they feed store energy both in the form of fat and in the 
form of glycogen. In some species, at least, the larvae are unable to utilize the 
glycogen as emergency food until they have attained the pupal state. In this 
connection Shelford (1929), citing Bernard (who studied Musca lucilia), 
points out that though their tissues contain glycogen, the larvae possess no 
enzyme that can hydrolyze it. However, as soon as they have transformed into 
chrysalids, a diasiatic enzyme is produced. Thus the adult is provided with a 
quickly available form of food energy before its own feeding habits have be¬ 
come established. Flies, of course, are liquid feeders. According to the experi¬ 
ments of Wenyon and O’Connor (1917a, b), a fly can take in an average of 
0.001 grams of fluid each half hour. Their method was to weigh a small 
quantity of feces on a cover glass and then allow starved flies to feed for half 
an hour upon it, after which the feces and cover glass were weighed again. 
Allowance was made for evaporation by two weighings of a control sample on 
which no flies were allowed to feed. Root (1921) used a different method. Flies 
in individual vials were starved from 17 to 21 hours, then transferred to a 
single vial and weighed. The flies were then returned to separate vials where 
they were allowed to feed on a diluted syrup. Finally all were transferred once 
more to the same single vial and weighed again. Subtraction gave the amount 
of syrup consumed and division by the number of flies gave the average. 
Houseflies starved 17 hours averaged an intake of 0.004 grams or 0.0059 cc.; 
those starved 21 hours, 0.007 grams or 0.0066 cc. 

We thus see that the crop of the average fly actually holds very little, but due 
to the fact that the fly continually passes liquid feces, its water loss is enormous. 
This means that much fluid must be consumed, and the active fly seems to 
make a continuous effort to accomplish this. The liquid food first passes to 
the crop, from which it is transferred to the ventriculus as needed (Graham- 
Smith, 1934). Flies must drink frequently or die. 

As for food materials other than water, Glaser (1923a) has pointed out that 
flies require both sugar and protein substances. Females fed on either without 
the other will not produce eggs. Roubaud (1922a) made similar observations. 

All types of food must, of course, be either in solution or in the form of a 
finely divided suspension or emulsion. Bloodsucking species frequently pro¬ 
duce a saliva that contains an anticoagulating principle, thus insuring a ready 
flow of liquid food. Although M. domestica will feed at open wounds, it is 
not a true bloodsucker and does not produce saliva of this sort. Cornwall and 
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Patton (1914) state that even among the bloodsucking Muscidae an anticoagu¬ 
lant may or may not occur. They found it absent in Stomoxys but definitely 
present in Glossina. 

The behavior of flies is partially governed by the elapsed time since the in¬ 
sects were adequately fed. Thus Kerr (1948) demonstrated that the mortality 
of flies exposed to 0.1 and 0.2 per cent pyrethrins ran much higher among lots 
that had been starved for a few hours than among those that had enjoyed 
continuous access to food. Investigation showed this to be due to the fact that 
rapidity of flight increased with increasing starvation (at least up to two hours) 
and that this enabled the insects to acquire relatively greater amounts of the 
spray as they flew about in the Peet-Grady chamber, particularly since the 
proportion of flies in flight also increased with added starvation time. Con¬ 
sistent with these findings was the reduction of the mean interval for knock¬ 
down with the lengthening of the starvation period. Kerr pointed out that the 
generally practiced methods of handling flies preparatory to the testing of 
insecticides usually involve a variable period in which the insects receive no 
food. Since this could readily introduce variations in susceptibility of different 
samples, he suggested deliberate pretest starvation for controlled periods to 
increase (and make uniform) their susceptibility to official test insecticides. 

OBSCURE EFFECTS OF TOXIC SUBSTANCES 

Normal histological relations may be considerably altered by toxic sub¬ 
stances. Such alterations have, in fact, been correlated with the action of certain 
insecticides, the practical value of which was recognized long hefore their 
physiological action came to be even slightly understood. Hartzell and Wexler, 
for example (1946), found that sesamin produced characteristic effects both in 
the brain and in the muscles of flies that had been affected beyond possibility 
of recovery. When stained with Delafield’s hematoxylin and counterstained 
with eosin Y, the larger nerve cells of the brain showed marked vacuolation, 
while the muscle fibers showed accentuation of both nodes and Krause’s 
membrane. Sesame oil in high concentration produced similar results. Pyre- 
thrum also has a destructive effect upon nervous tissue, but affects the fiber 
tracts rather than the cell bodies. A proprietary compound, Improved Pyrin 20, 
affects tissues in much the same manner as sesamin and pyrethrum combined. 
It is known to contain both ingredients. 

These results bear out the previous work of Hartzell and Scudder (1942) on 
pyrethrum and isobutyl undecylene amide. In these experiments pyrethrum 
was described as causing a widespread clumping of the chromatin of nerve-cell 
nuclei, while the activator caused a chromatolysis or dissolution of the chroma- 
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tin. Hartzell and Strong (1944) record the alkaloid piperine as having a partic¬ 
ularly destructive effect upon the fiber tracts along with vacuolization of the 
nerve tissue of the brain. A paper by Hartzell (1945) reported DDT as causing 
relatively slight changes of a histological character in proportion to the striking 
neurological effects it may produce. 

Curiously enough, the larvae, in spite of their vulnerable appearance, are far 
more resistant to certain toxic substances than are the adult flies. Madden, 
Lindquist, and Jones (1947) ran a number of tests in which larvae of M. do- 
mestica were kept immersed in various solutions for periods of five seconds. 
Not one of thirty different solvents, for example, had their larvicidal properties 
increased by the addition of 5 per cent DDT! The latter substance was particu¬ 
larly nonelfective in emulsified solutions. The larvae also proved exceedingly 
resistant to mercuric chloride, potassium hydroxide, ammonium hydroxide, 
and hydrochloric acid. It may be assumed that the integument of larvae fur¬ 
nishes mechanical protection against these substances. 

Other physiological reactions of flies to repellents and insecticides, as well as 
to biological situations created by man with a view to species reduction, will be 
discussed in following chapters. 



CHAPTER IV 


Life History of the Fly 


And the small gilded fly 
Docs lecher in my sight. Let copulation thrive! 

— Shakespeare, King Lear 

T HE purpose of this chapter is to describe in sequence those changes that 
are passed through in the course of complete metamorphosis and to give 
such characteristics of the various stages as are not adequately treated in other 
chapters. 





Figure 4j. Copulation in houseflies. Lcjl: Normal position; male above, and facing 
the same direction as female. Center: Rare position, occasionally seen when male is 
abnormally small. Right: Abnormal position due to lass of stability. (Modified from 
Hardy, 1944.) 


MATING OF ADCJLTS 

The mating of the housefly has been described by Reaumur (1738), Berlese 
(1902), and Hewitt (1914a). Actual copulation apparently never takes place 
in the air, though the seizure of the female by the male may occur in flight, 
after which the pair come rapidly to earth. 

Houseflies copulate in the superimposed position with the male above the 
female and facing in the same direction. This method of coupling is required 
by the apparently rectilinear but actually “circumverted” terminalia charac¬ 
teristic of the muscoid group. (Sec Chapter II.) If the male is abnormally 
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small, a position like that shown in Figure 43 (center) may sometimes be as¬ 
sumed. Only rarely and because of accidental loss of stability is a position 
similar to Figure 43 (right) occasionally observed. The superimposed position 
is referred to by Lamb (1922) as the “vertical pose.” According to Hardy 
(1944), the simple “rectilinear” relation of the genitalia is normally associated 
in flies with “opposed” copulation, in which the sexes face in opposite direc¬ 
tions. Only by an evolution of the male genital structures, in the nature of a 
rotation, has the superimposed position become natural or possible. A partially 
resolved rotation results in what may be called "curvilinear” genitalia, from 
which the completely reversed relationship, now found in higher muscoids, 
may be considered to have evolved. The accompanying diagrams adapted from 
Hardy show definitive relationships. 

After seizure, the male caresses the head of the female with the fore tarsi. 
This may have a reflex effect, as the next step is normally the exsertion of her 
ovipositor to make contact with the genital atrium of the male. The accessory 
copulatory vesicles of the female then become turgid so that the female genital 
aperture is held in close contact with the terminal extremity of the penis, which 
extends downward from the roof of the genital atrium. Adjacent structures 
support the position of the essential organs until the spermatozoa have passed 
into the spermathecae of the female. The act requires from a few seconds to 
several minutes, during which time the male grasps the sides of the female 
with fore and middle legs. The tibiae and tarsi of the metathoracic pair are 
folded crosswise upon the ventral surface of the female’s abdomen. 

In nature, the sexes are usually about equal, but occasionally there is con¬ 
siderable departure from normal expectancy. It has been my observation that 
when the size of the average adult, in random sampling, runs small, the males 
will be more numerous, while if the average fly captured is of superior weight 
and size, such is never the case. This would appear to be in part an expression 
of the amount of food available during the larval stale, especially so when 
nourishment is insufficient. 

Thus Herms (1928), while studying Lucilia ser'tcata, brought out the fact 
that an underfed larval population always yields a preponderance of males. 
He removed the larvae from food in lots of one hundred at six-hour intervals 
after allowing an initial feeding period of thirty hours. The longest feeding 
period allowed any lot was ninety-six hours. Those which enjoyed the longer 
feeding periods yielded a preponderance of female flies. As would be expected, 
the size became greater as the feeding period increased. Herms felt that larval 
females required more nourishment than males for their development and, 
therefore, perished in greater numbers when subjected to a starvation diet. 
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Deviations from a balanced sex ratio do not, however, constitute any sig¬ 
nificant impediment to species survival. An excess of males merely insures the 
fertilization of all females present. In the rare cases where females predomi¬ 
nate, there is still a good chance that all will be fertilized, as an abundance of 
females is indicative of a vigorous population and it has been observed that 
well-nourished males show an inclination to copulate more than once. The 
great predominance of females at breeding grounds in the summer time, how¬ 
ever (Herms 1911a), does not necessarily mean that all stand in need of 
fertilization. Many will have copulated elsewhere, later flying to the so-called 
breeding areas for oviposition. The males, not influenced by this chemotropism 
that impels their mates, tend to remain scattered wherever adult food materials 
are found. The somewhat greater longevity of the females may also be a factor 
in giving them a higher count. 

OVIPOSITION 

Egg laying begins from four to eight days after copulation. The instinct by 
which the female fly selects an appropriate substratum for the deposition of 
her ova, and by which the larval stages are guaranteed a developmental me¬ 
dium satisfactory for their nourishment, will be discussed in greater length 
in Chapter VII, which treats of the food requirements of flies. A few remarks, 
however, are desirable in this place. 

Kalandadze and Chilingarova (1942b) studied the role of substrates in the 
oviposition and preimaginal development of Musca (domesticd) vicina, in 
Georgia, U.S.S.R. Under insectary conditions, gravid females deposited more 
egg batches on sheep dung, provided it was fresh, than on any other type of 
manure available. After that, pig, horse, cow, and buffalo manure were chosen 
in the order named. (It is also of interest that the feeding preferences of the 
adults showed a similar order.) Liquid dung of any source was visited rarely, 
if at all. The experiments were carried out at an average temperature of 
27°-29°C (8o.6°-84°F) and a relative humidity of 51-61 per cent. Under these 
conditions, sheep dung and horse dung dried out rather rapidly and ceased 
to be attractive after about twenty-four hours. Buffalo and pig dung, however, 
continued to attract the flies for two or three days, and cow dung, being 
moister, for as long as five. 

That the behavior of flies under insectary conditions is not always paralleled 
by their behavior in the field was brought out by a second series of experi¬ 
ments by the same workers in which open boxes containing the various media 
were set out at convenient points. Fresh material was added daily. Under 
these circumstances, the largest number of egg batches was found on pig 
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manure, with sheep, horse, and buffalo dung following in the order named. 
Boxes containing yard sweepings attracted relatively few flies. It appears that 
under outdoor conditions, where the flies must come considerable distances 
to make use of isolated masses of breeding medium, odor is the principal factor 
in determining the direction of flight. Thus pig dung, which has the strongest 
odor, probably attracts ovipositing females from a larger area. 

Insofar as temperature affects the ovipositional activity of flies, it is the 
temperature of the air rather than of the substratum which proves the deciding 



Figure 44. Oviposition in pig manure. Medical Corps officer is here shown demon¬ 
strating masses of fly eggs in a hogpen near Fort Jackson, South Carolina. (U.S. Army 
Photograph.) 


factor. The above-mentioned workers state that all oviposition ceased at an 
atmospheric temperature of io°C (50°F) even though the upper layers of 
dung remained at i5°-20°C (59°-68°F). 

Related species do not always prefer identical media. Thus Golding (1946) 
found, by trapping, that Musca domestica vicina bred largely in latrines, 
trenching grounds, pits containing pig manure, and also in bedding, slaughter¬ 
house refuse, and heaps of rotting food. M. cuthbertsoni, on the other hand, 
bred in cattle droppings, palm-kernel meal, and pig dung. M. gabonensis he 
records from heaps of cow manure. 

By contrast, Thomson and Lamborn (1934) found that Musca spectanda 
laid its eggs solely on human excreta. In Egypt, Hafez (1939) reported 
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M. domestica vicina as utilizing horse dung in and near Cairo, and donkey 
dung in the country. Cow and buffalo dung were used rarely. He reports pig 
dung as more attractive than horse dung, but there were few pigs in that 
vicinity. Camel dung will be passed by if horse dung is available. The same 
author reports M. sorbcns as breeding in horse dung, M. vitripennis in cow, 
M. tempestiva in cow (also possibly horse and camel), M. crassirostris in fresh 
cow dung, M. larvipara in cow (also possibly horse and donkey), and M. vetus- 
tissima chiefly in camel, with fresh cow dung a second choice. 

The female fly is rather deliberate in depositing her eggs. She walks over 
the material that is to serve as food for her larvae, seeking crevices and cracks 
in which the ova may have a measure of protection. By action of certain 
muscles, she compresses her abdomen and the ovipositor shoots out. She then 
pushes or “worms” the ovipositor as far into the crevice as possible. One egg, 
or several, may be laid in a single spot, but all will be more or less hidden if 
opportunity permits. This habit is believed by Patton (1930) to give special 
protection against the ravages of certain ants, which devour the eggs whenever 
they can find them. When the physical nature of the medium permits, the fly 
crawls deep into the coarser crevices, so that she is quite out of sight while 
depositing her eggs. Eggs so located receive the maximum protection from 
desiccation and actinic light. 

The number of eggs which mature in a fly’s ovaries at one time varies be¬ 
tween 100 and 150, with the average close to 120. It requires nearly a day for 
the female to deposit these, and if her ovipositional activities are disturbed, it 
may take longer. Occasionally all the eggs will be found deposited in a single 
mass, but more often they are distributed in a number of locations. In any one 
clump it is usual to find the eggs closely packed together and resting on their 
somewhat broader posterior ends. Each female, in her lifetime, is capable of 
developing from four to six batches of eggs, which she deposits at intervals of 
perhaps two weeks, the intensity of such activity depending on environmental 
factors. 

Dissection of the female will reveal approximately how many batches of 
ova she has deposited. Kuzina (1942) reports that in the Muscidae a group of 
yellow bodies remains in the ovarioles (egg tubes), near the junction with the 
oviduct, after each batch has been extruded. The number of groups of yellow 
bodies are believed to correspond to the number of batches laid. This gives 
indirect information on the probable age of the fly, and may be significant in 
survey work. If all ovipositing females collected at a given time and place prove 
to be considerably aged, it is obvious that there must have been little or no 
production of new flies in that locality for several weeks. 
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DESCRIPTION OF THE EGG 

The eggs are pearly white in color and measure approximately one milli¬ 
meter in length. The greatest diameter, which is near the posterior end, meas¬ 
ures a little more than one-fourth of the length. Both ends are bluntly rounded, 
but the anterior is always more tapering. The chorion presents a polished 
surface but on close examination shows a pattern of small hexagonal markings 



Figure 45. Eggs of Musca domestica. Lejt: Large mass, such as is sometimes deposited 
by a single female. Right: A few eggs, greatly enlarged. Note reticulum formed by 
anastomosing strands which make up the inner layer of the chorion. 


reflecting presumably the cellular structure of the egg tube in which the ovum 
developed. The dorsal side is easily recognized by the presence of two longi¬ 
tudinal, curved ridges that tend to diverge in the posterior portion but ap¬ 
proach one another once more at the caudal end. 

In Lucilia, Fish (1947-1948) states that the chorion consists of a smooth ex¬ 
ternal layer and an internal layer composed of anastomosing strands. It is this 
anastomosing structure that gives the impression of a network of polygons in 
surface view. The vitelline membrane, which lies just beneath the chorion, is 
in close contact with the latter except in the region of the two dorsal chorionic 
folds. It is noncellular. Immediately beneath the vitelline membrane is found 
the periplasm of the egg itself. This is protoplasmic in nature and slightly 
thicker at the poles. It covers the reticular layer, which contains much yolk 
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material. Embedded in this and located approximately one-third of the 
distance from the anterior extremity is the egg nucleus, surrounded by a small 
amount of nuclear protoplasm. Recorded observations on the genus Musca 
seem to indicate essentially the same relationships. 

EMBRYOLOGY 

There is no modern monographic study of the early embryology of Musca 
comparable to the excellent work of Fish (1947-1948) on the Calliphorid 
species Lucilia sericata Meigen. The discussion that follows is drawn to a 
considerable extent from Fish’s paper and should be considered a resume of 
muscoid development in general rather than of Musca in particular. State¬ 
ments concerning the later stages are adapted chiefly from Embryology of 
Insects and Myriapods by Johannsen and Butt (1941), who studied carefully 
all the important papers on muscoid embryology prior to that date. 

Two features of the unfertilized egg should be mentioned before develop¬ 
mental changes are discussed. A special mass of protoplasm called the 
“oosome” is located in the dorsal portion of the periplasm near the posterior 
end. Its relation to the primordial germ cells will be treated later. The second 
feature relates to the character of the yolk in stained specimens. Such yolk 
consists of numerous spherical bodies interspersed with spheroid cavities from 
which the deutoplasm has presumably been dissolved out by the reagents used. 

Sperm cells invade the eggs while the latter are still within the oviducts. It 
is believed that several sperm normally enter each egg through one or more 
micropyles situated near the anterior end. The actual union of gamete nuclei 
cannot, of course, take place until after maturation of the ovum, which nor¬ 
mally occurs immediately following oviposition. 

In maturation, the egg nucleus migrates dorsolaterally from its central posi¬ 
tion to fuse with the periplasm in the anterior third of the egg. After the 
reduction division, which appears to produce but a single polar body, the 
nucleus then migrates back Loward the center of the egg where fertilization 
presumably occurs. The haploid number of chromosomes in Musca domestica 
is six; the diploid, twelve. 

The zygote nucleus now proceeds to divide, producing two, four, and finally 
sixteen rather similar cells joined together by the egg reticulum. Synchronous 
division now gives way to random cleavage in which there is migration of 
cells anteriorly as well as posteriorly and laterally. There are still no cell walls 
and the arrangement is that of a syncytium. The more peripheral cells soon 
manifest a triangular outline and penetrate the periplasm, blunt edge fore¬ 
most. The more interior cells, which remain rounded, return into the yolk. 
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Fish refers to these as primary yolk cells but points out later that this is perhaps 
a misnomer, as true primary yolk cells, such as occur in the honeybee, never 
migrate from their central position; in other words, they remain in situ where 
produced. In the posterior region, several of the migrating cells finally pene¬ 
trate the oosome, causing this body to break up into a number of dark, circular 
masses. These protrude somewhat from the surface of the egg and constitute 
the anlage of the future fly’s primordial germ cells. The time required for 
development up to this point is approximately two hours. 

The peripheral cellular layer is at first called a blastema. Shallow clefts now 
appear extending inward from the outer surface and dividing the syncytium 
into a number of irregular cell compartments. The next nuclear divisions 
nearly obliterate these, but others soon appear, and by a succession of nuclear 
divisions and attempts at cell division, together with the appropriation of 
additional protoplasm and yolk material from the interior, a definite conspicu¬ 
ous layer of cells, the blastoderm , is finally established. The cells making up 
this primary epithelium at first have no walls on their interior surface. These 
are added later. There is no evidence (in Lucilia) of the anterior poles mani¬ 
festing any more rapid development of blastoderm than the posterior. Fish 
states that the rate of germ cell formation closely parallels the rate of blasto¬ 
dermal cell development. 

In muscoids, the blastoderm tends to close in somewhat beneath the germ 
cells, but the closure is incomplete, resulting in a funnel-shaped aperture from 
the margin of which a number of nuclei migrate inward to become yolk cells. 

The primary epithelium of the lateral and dorsal surfaces next becomes 
thinner, forming the serosal envelope, while the ventral portion, which retains 
its full thickness, becomes transformed into the so-called “germ band.” At 
either pole, the germ band continues more or less around the egg, but the 
middle section, which becomes divided transversely into six elements, is rela¬ 
tively narrow, being bounded by two curving longitudinal lines. The anterior 
piece is divided by a curving transverse furrow into two parts. The middle 
section then begins to sink below the level of the surface, where its more in¬ 
terior layer proceeds to differentiate as mesoderm. The anterior and posterior 
portions of the germ band soon give rise to the epithelial rudiments of the 
mid-gut. By deepening of a longitudinal ventral furrow, the mesodermal tis¬ 
sue becomes tubular. 

Lengthening of the tubular mesoderm, together with the over-all growth of 
the embryo, results in the posterior portion of the mid-gut, together with the 
germ cells, being pushed around to the dorsal side. The same factors cause 
the transverse furrows, which have deepened somewhat, to assume an oblique 
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direction. In Muscidae, this is the only indication of rotation. The anterior 
converging folds elongate and come closer together. The posterior transverse 
furrow, carried by the dorsally migrating posterior portion of the germ band, 
eventually becomes longitudinal, with the two branches fusing into one. It 
is just anterior to this that the ectoderm invagivates transversely, thus giving 
rise to the amniotic fold. 

The further elongation of the mesoderm tube is accompanied by the press¬ 
ing of the caudal extremity so far into the interior that the two ends of the 
tube lie nearly parallel. The lumen of the mesoderm tube will by this time 
have become obliterated. This is followed by the formation of lateral meso¬ 
dermal clefts that represent the future body cavity. The somatic mesoderm 
eventually differentiates into the numerous muscles of the body wall. The 
splanchnic mesoderm becomes associated with the mid-gut and later differ¬ 
entiates into longitudinal and transverse muscle fibers. The latter process may 
not be completed until after hatching. 

Parallel to the long axis of the egg (and at right angles to the amniotic 
cavity) the proctodaeum develops. At its inner extremity, the Malpighian 
tubules are represented by dorsal and ventral diverticula. This portion soon 
fuses with the posterior mesenteron. 

By this time the germ band will have reached its greatest length; the head 
and tail of the embryo lie close together, and the amniotic invagination is just 
posterior to the head lobes as viewed from the dorsal side. In Calliphora vomi- 
toria, six pairs of spiracles are visible in dorsal view, while a distinct segmenta¬ 
tion marks the ventral surface. The stomodaeal invagination is also in 
evidence at this time. It soon impinges upon the anterior mesenteron rudiment, 
and the oesophageal valve is formed by the invagination of the smaller oesoph¬ 
agus into the larger mid-gut. 

Meantime a general shortening of the embryo is taking place. When com¬ 
pleted, this results in the anal structures once again coming to lie in the 
posterior extremity of the egg. Prior to this stage, anterior and posterior 
mesenteron rudiments will each have developed a pair of apical branches. In 
the shortened embryo, the branches of the posterior rudiment come to extend 
forward, and thus find themselves in position to fuse with the anterior pair. 
The “mesenteron ribbons,” so formed, soon widen and fuse together to form 
the epithelium of the mid-gut, which thus encloses most of the yolk. All this 
takes place after the appearance of the mesodermal clefts. 

It should be mentioned that some of the germ cells, which were carried 
dorsally by the early elongation of the germ band, migrate through the pos¬ 
terior mesenteron rudiment to a definitive location in the interior of the egg. 
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The nervous system is first indicated by the appearance of scattered neuro¬ 
blasts, some of which arise from the inner surface of head lobe ectoderm while 
others make their appearance along either side of the median ventral neural 
groove. The arrangement is segmental. Brain, suboesophageal ganglion, and 
cord all differentiate more or less simultaneously from the ventral ectoderm. 
Cross commissures and intersegmental connectives are soon established. At 
first the cord extends nearly the full length of the body, but by the time hatch¬ 
ing takes place, considerable cephalization will have occurred. This results in 
termination of the cord about halfway between the cephalic and caudal 
extremities of the embryo. Still further shortening occurs during the first 
larval stage. 


HATCHING 

The time required for the completion of embryonic development varies 
greatly with the temperature. Hewitt (1914a) states that two or three days 
may be required if the temperature remains as low as ro°C (5o°F). Between 



Figure 46. First-stage maggot emerging from egg. The rupture of the 
chorion follows the path of the curving ribs. 

i5°C and 20°C (59°-68°F), however, hatching takes place usually within 
twenty-four hours after oviposition, while at higher temperatures, such as 
25°C to 35°C (77°-95°F), from eight to twelve hours may suffice. Bedard 
(1858) claimed that housefly eggs developed more rapidly under blue or violet 
light than under white, yellow, green, or red. 

The actual process of hatching is rather simple. A slit appears on the dorsal 
side of the egg just lateral to the anterior extremity of one of the curving ribs 
mentioned earlier. This slit is extended posteriorly as the larva crawls out, 
anterior end foremost. Not infrequently the split continues around the anterior 
extremity and follows the second rib posteriorly. (See Figure 46.) After the 
emergence of the larva, the chorion usually undergoes collapse. 
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THE LARVA 

The larva, or maggot, passes through three stages or instars. This means 
that it molts twice in the course of development, with distinctive changes of 
structure at each ecdysis. In the Muscidae, rate of growth agrees fairly well 
with Przibram’s rule (Teissier, 1931), which holds that in most insects an 
increase of 25 per cent in the length of the rigid parts of the cuticle is achieved 
with each successive molt. There is no histological basis for this, however, as 
Perez’ (1910) studies on the blowfly and Alpatov’s observations on Drosoph¬ 
ila (1929) have shown that larval cells no longer divide after the embryonic 
period; they merely increase in size. 

All stages have twelve easily recognized segments, of which the second, or 
postoral, segment is really double, giving a total of thirteen (Hewitt, 1914a). 
There are no eyes, legs, antennae, or other appendages. In the first-stage larva, 
only the two posterior spiracles are present. These are situated on the obliquely 
truncate posterior end. Each consists of a pair of small, slitlike apertures on a 
slight prominence. After the first molt, the slits become larger and more con¬ 
spicuous. The posterior spiracles of the third stage each have three strongly 
sinuous slits surrounded by a heavily chitinized ring with a conspicuous, per¬ 
forated button that extends inward from the mesial side. Second- and third- 
stage larvae have anterior spiracles as well. 

First-stage larvae have been known to molt anywhere from twenty hours 
to four days after hatching, depending on environmental conditions. Not only 
is the general integument cast off, but the lining of the proctodaeum and 
scomodaeum as well, together with the cephalopharyngeal sclerites. The sec¬ 
ond instar requires from twenty-four hours to several days to complete devel¬ 
opment, while the third stage feeds from three to nine days before undergoing 
pupation. 

Larsen and Thomsen (1940) made daily weighings during the preimaginal 
period and constructed weight curves to represent the rapidity of growth. 
Musca domestica grows rapidly as compared with other species, its weight 
being multiplied by fifty-four in the course of four days at 25°C (77°F). There 
is a conspicuous loss of weight after the larvae cease to feed, due, it is believed, 
to a particular water output from the larva. 

A very careful study of the early larval stages of several muscoid flies was 
made by Tao (1927), whose descriptions of the first- and second-stage maggots 
of Musca domestica are reproduced herewith. 
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FIRST-STAGE LARVA 

The first four segments of the larva are not provided with spines. From the 
fifth to the twelfth segment, there is a transverse, fusiform, swollen area provided 
with spines ventrally occupying the anterior third of the segment. At the posterior 
end of the sixth and seventh segments, there is one row of spines ventrally pressed 
against the spinose area of the following segment. These spines increase to three 
rows on segments eight through twelve. There are five short rows of spines dorsal 
to the anal opening. The spines are of various shapes—triangular, dome-shaped, 
and wedge-shaped. Ccphalopharyngeal sclerites: Anterior to the median hook, 
between the median hook and the denticles, there are two pairs of poorly chitinized 
structures, a dorsal long, slender longitudinal pair and a ventral square pair. The 
lateral plates of the pharyngeal sclerites are narrow. The dorsal arch widens in the 
middle. The ventral prolongations are long and slender and end in points. The 
parastomal sclerites are long and slender. The hypostomal sclerite is composed of 
two parallel processes articulated to a transverse plate posteriorly. The pharyngeal 
sclerites are continuous ventrally with the floor of the pharynx. 

SECOND-STAGE LARVA 

The anterior spiracles are composed of six to eight branches. Spines are un- 
chitinized. At the anterior ends of segments two through five, there is a complete, 
spinose ring. From the sixth to twelfth segment at the anterior end, there is a 
ventral transverse swollen spinose area, which, continued laterally and dorsally by 
a single row of spines, forms a complete ring. The posterior ventral rows of spines 
in this stage are found on the fifth to the twelfth segments. Ccphalopharyngeal 
sclerites: Three pairs of hooks replace the single median hook, a dorsal longitudinal 
pair, a ventral longitudinal pair, and a posterior transverse pair. The lateral plates 
of the pharyngeal sclerites become considerably broader. The dorsal arch becomes 
very broad near the middle and narrows toward both ends where they articulate 
with the lateral plates. The arch is deeply incised anteriorly at the middle. The 
anterior edge of the arch is uneven. The network structure of the arch serves to 
differentiate the family Muscidae from the Calliphoridae. The ventral prolonga¬ 
tions are connected ventrally by a rectangular plate, the ventral crosspiece. The 
parastomal sclerites disappear entirely. The hypostomal sclerite is composed of two 
winglike plates, connected from the antero-ventral edges in the ventro-median line 
with two slender processes. 

THIRD-STAGE LARVA 

This is the maggot that even the casual observer is sure to see. It eventually 
comes to measure a good twelve millimeters or a little more. The broad pos¬ 
terior extremity is obliquely truncate and bears the two heavily chitinized 
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posterior spiracles, which are separated from each other by a distance less than 
the diameter of either spiracle. The spiracles are D-shaped, with the straight 
margins that are innermost more closely approximated above than below. To 
an uninstructed observer, the spiracles look more like two black eyes! In 
posterior view, one notes the mid-ventral incision on the last segment, repre¬ 
senting the anal aperture. The right and left anal lobes are useful in locomo¬ 
tion. Above and behind the anus is a pad or swelling corresponding to the 
spiniferous pads of more anterior segments. 

In lateral view, the larva is found to consist of twelve apparent segments of 
which the second is somewhat constricted and proves, on study of internal 
musculature, to consist of two. The total number of segments is, therefore, 
considered as thirteen. The first larval segment, which Henneguy (1904) 


A 



Figure 47. Full-grown (third-stage) maggot of Musca domestica. A, posterior spira¬ 
cles; B, anterior spiracle; C, locomotor pads; 1, 2, etc., segments of the body. 


called the “pseudo-cephalon,” is very small. It bears ventrally the mouth 
aperture, which is so deeply situated that the segment itself may be said to 
consist of two oral lobes united posteriorly and on the dorsal side. Posterior 
to the mouth is a rectangular unit called the lingual process. Its anterior margin 
is slightly bilobed. In front of the mouth and extending forward and down¬ 
ward is the mandibular sclerite. This bears distally two mouth hooks, of which 
the right is strong and conspicuous while the left is small and obscure. Its 
reduced condition is characteristic of the genus Musca. The mandibular 
sclerite, which is capable of retraction, is but the visible extremity of the rather 
elaborate cephalopharyngeal skeleton that extends well into segment 4 and 
is composed of a number of closely united chitinous parts. Each oral lobe bears 
at its forward extremity (and dorsal to the mandibular sclerite) two short 
fleshy processes or tubercles, one above the other. These are undoubtedly sen¬ 
sory in function, though such a specific designation as “optic” tubercles 
(Hewitt, 1914a) might be c^estioned. Weismann (1863-18648^) called the 
lower tubercles “maxillentaster” and the upper pair “antennae.” On the lateral 
surface of each oral lobe are many sinuously vertical, parallel lines, each of 
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which represents a food channel leading to the mouth. One side of each chan¬ 
nel is raised slightly, thus overhanging the margin or flange of the opposite 
side. By this the channels are made to resemble tubes rather than open troughs. 
Many of the channels unite distally and all converge before emptying into the 
mouth. Thus they perform a function equivalent to that of the pseudotracheae 
of the adult fly. 

The most plausible interpretation of the anterior structures, just discussed, 



Figure 48. Special structures of third-stage larva. A: Anterior segments, lateral view. 
B: Anterior segments, ventral view. C: Cephalopharyngeal skeleton, lateral view. D: 
Thirteenth segment, posterior view. 1, anterior spiracle; 2, pseudocephalon; 3, sensory 
lobes (upper); 4, food channel; 5, sensory lobes (lower) ; 6, mandibular sclerite (terminal 
view); 7, mouth; 8, lingual process; 9, dorsal cornua; 10, pharyngeal sclerite; 11, hypo- 
stomal sclerite: 12, mandibular sclerite (lateral view); 73, dental sclerite; 14, ventral 
cornua; 75, button; 16, slits; 7 7, chitinous ring; 18, supra-anal pad; 79, anal opening; 
S, parts of spiracle. (B, adapted from Hewitt, The House-Fly [Cambridge University 
Press, 1914].) 
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is that the greater portion of the true cephalic segment has been retracted 
within the head. The cephalopharyngeal skeleton already mentioned is a resid¬ 
ual part of this segment. It consists of seven recognizable sclerites of which 
the mandibular has already been mentioned. Somewhat ventral to its base are 
the much smaller dentate sclerites, one on either side. The hypostomal sclerite 
lies directly posterior to the mandibular and articulates with it. It consists of 
two irregular lateral masses of chitin united by a ventral bar. Most conspicuous 
are the two large pharyngeal sclerites, each of which articulates anteriorly with 
one wing of the hypostomal. The two pharyngeal sclerites are united dorsally 
in their anterior portions by the dorsopharyngeal sclerite, which may some¬ 
times appear to be fused with them. Each pharyngeal sclerite can be described 
as a vertical triangular plate, narrowest in front and broadest behind. The 
posterior portion is deeply notched for the passage of the pharyngeal trachea 
and pharyngeal nerves. The ventral margins are continuous with the floor of 
the pharynx. The pharyngeal sclerites vary considerably in thickness at differ¬ 
ent points. 

The second and third larval segments, which together constitute the “post- 
cephalic” segment of certain authors, comprise a conical unit approximately 
two and a half times the length of segment 1. The anterior portion (Newport’s 
segment) is covered with minute, backwardly directed spines. The posterior 
portion (body segment 3) is most conspicuous for the spiracular processes, 
one on either side, which extend forward from the segment’s posterior margin. 
These are termed “anterior spiracular processes” to distinguish them from 
the “posterior spiracles” on segment 13. Each process consists of a some¬ 
what flat, fan-shaped structure bearing distally from six to eight terminal 
palpiform elements. Each of these palpiform processes is perforated by a 
pore. The channels that lead inward are lined with cuticular processes, the 
function of which is believed to be the arrest of solid particles. Air from the 
several palpiform processes passes next through a “felted chamber” in the 
body of the spiracular process to the longitudinal tracheal trunk. This so-called 
felted chamber derives its name from the fact that the lumen is traversed by a 
reticulum of chitinous threads, derived from the intima of its walls. 

From segment 4 through segment 9, the gradual increase in diameter is well 
marked. The next three segments (10-12) show less of this, but the thirteenth 
is distinctly larger than all others. From the sixth to the twelfth segments, the 
forward portion of the ventral surface of each is characterized by the presence 
of a cresent-shaped locomotor pad, the surface of which is covered by minute 
recurved spines. The twelfth segment has in addition a similar pad near its 
posterior margin. The postanal pad on segment 13 has already been mentioned. 
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The larval integument consists of a layer of stellate hypodermal cells over¬ 
laid by a fairly thick dermis and a much thinner epidermis. The latter stains 
very readily with ordinary dyes. In nature, the entire cuticula is so transparent 
that many of the internal organs are visible from without. As the third-stage 
larva grows older, however, its fat body becomes larger and imparts to the 
maggot a creamy or yellowish appearance. For this reason, few or no internal 
structures can be recognized in a larva that is about to pupate. 

INTERNAL ORGANIZATION OF THE LARVA 

Space does not permit a full description of larval anatomy. Hewitt (1914a) 
has given a complete account of the internal structure with special emphasis 
on the musculature, which he worked out in great detail. The following 
summary is here included with the principal objective of aiding students 
who may have difficulty in gaining access to Hewitt’s work, now long out of 
print. 

Musculature and Locomotion 

The muscles of the body walls may each extend over several segments, but 
are quite consistently attached to the body wall at the junctions of all segments 
concerned. The various groups are well shown in Figure 49. The cephalo- 
pharyngeal muscles, because of the retraction of the head structures, are rather 
complicated in their arrangement and require special study before their func¬ 
tions can be clearly understood. Figure 50 shows the position of the four es¬ 
sential groups. Tables 2 and 3 have been devised as a meahs of conveying a 
maximum amount of information with economy of space. 

The recti muscles of the second and third segments are reduced to four 
pairs. The manner in which the lateral and external muscles are attached to 
the body walls of this region was accepted by Hewitt as evidence that two 
segments are here involved. 

The locomotion of the footless larva can be surprisingly rapid, and is be¬ 
lieved to be accomplished as described below. 

The mandibular sclerite is thrust forward by action of the mandibular ex¬ 
tensor muscles. At the same time, the entire anterior end of the larva is 
extended through contraction of the pharyngeal protractors. Next, the man¬ 
dibular sclerite is anchored to the substratum by action of the mandibular 
depressors. A wave of contraction then passes the length of the maggot, from 
front to rear. The large cephalic retractor muscles initate this, but its pro¬ 
pulsion depends upon the co-operation of the ventral oblique muscles, ven¬ 
trolateral obliques, internal lateral obliques, and chiefly the dorsolateral group. 
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As each segment moves into its new position, it establishes anchorage with 
the substratum by means of its ventral spiniferous pad. 

As soon as the last segment has moved up, the mandibular sclerite reaches 
out once more, and a wave of extension passes backward, each segment in turn 
reducing its diameter and thereby increasing its length. This is accomplished 
by action of the lateral and intersegmental muscles. The combined elonga- 


Tabtc 2. Muscles o£ the body wall. The second and third segments are omitted. 


Group 

Special information 

Function 

Dorsolateral 
oblique recti 

1. External 

4 pairs—segments 6-12 

5 pairs—segments 4-5 

2. Internal 

6 pairs—segments 4-5 

4 pairs—segments 6-12 

1 

Contract larval body by bringing 
together the intersegmental 
rings 

Longitudinal 

ventrolateral 

1. Broad, ventral 

2 pairs—segments 4-12 

2. Narrow, lateral 

2 pairs—segments 6-12 

1 pair—segment 5 
none—segment 4 

Ventrolateral 

oblique 

1 pair—segments 6-12 

Internal lateral 
oblique 

1 pair—segments 6-12 

Ventral oblique 
(number variable) 

2 pairs—segment 4 

4 pairs—segment 5 

5 pairs—segment 7 

7 pairs—segment 10 

8 pairs—segment 1 r 

6-7 pairs—segment 12 

Bring forward the ventral 
spiniferous pads 

Lateral 

3 pairs—segments 4~r2 

Increase length of larva by 
drawing dorsal and ven¬ 
tral regions together 

Lateral 

intersegmental 

8 pairs—vertical, 
between segments 4-12 

Increase length of larva by 
reducing size of interseg¬ 
mental ring 

MuscJes of the last 
body segment (13) 

Recti 

Shorten segment 

Anal 

Elevate anal lobes 

Dorsoventral 

Lengthen segment 
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Table 3. Cephalopharyngeal muscles. 


Group 

Special information 

Function 

Cephalic retractors 
(all inserted on ce¬ 
phalic ring, ante¬ 
rior margin seg¬ 
ment 2) 

1 ventral pair, from posterior mar¬ 
gin segment 6; 1 ventral pair 

(double) from posterior margin 
segment 5; 2 smaller pairs from 
posterior margin segment 3 

Draw anterior end of 
larva (and pharyngeal 
mass) deeper into body 

Protractors 
(inserted posterior 
extremity pharyn¬ 
geal mass) 

1 pair, dorsal, segment 3; 1 pair, 
ventral, segment 3 

Extension of first segment 

Depressors 
(dorsal to pharynx) 

1 pair, from intersegmental ring 
(3-4) to pharyngeal mass 

Depresses anterior scle¬ 
rites by raising posterior 
extremity of pharyngeal 
mass 

Mandibular 

extensors 

1 pair from dorsal wall segment 3 
to mandibular sclerite 

Elevates and extends man¬ 
dibular sclerite 

Mandibular 

depressors 

1 pair with 3 roots on posterior ven¬ 
tral process of pharyngeal sclerites; 
insertion, ventral process of dentate 
sclerite 

Depresses mandibular 
sclerite by leverage of 
dentate 

Stomal dilators 
(inserted on lateral 
surface of hyposto- 
mal sclerite) 

2 dorsal pairs, from intersegmental 
ring (3-4) 

2 ventral pairs: 

1 from posterior dorsal process of 
pharyngeal sclerite; 

1 from ventral process of pharyn¬ 
geal sclerite 

Regulate flow of food and 
saliva into pharynx by 
controlling anterior pha¬ 
ryngeal aperture 

Oblique pharyngeal 
muscles 

Several pairs in two bands; from 
lateral plates, ventrally and pos¬ 
teriorly to roof of pharynx 

Draw liquid food into 
anterior portion of phar¬ 
ynx by raising and low¬ 
ering the roof 

Elongate oblique 
muscles 

2 pairs from dorsal edges of lateral 
plates to roof of pharynx 

Same as above; in more 
posterior region of the 
pharynx 

Semicircular 
dorsal muscles 

Several pairs; lie dorsolaterally 
upon pharyngeal wall 

Favor peristalsis by ren¬ 
dering floor of pharynx 
more concave 


tion of all the segments while the last remains stationary carries the man¬ 
dibular sclerite far forward, where it proceeds to effect a second anchorage. 
By successive repetitions of this performance, the maggot makes continuous 
progress. 
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Figure 50. Muscles of the cephalopharyngeal sciences of a mature larva. Left lateral 
aspect. 1, right pharyngeal depressor; 2, dorsal cephalic protractor; 3, 4, stomal dilators; 
5, hypostomal sclerite; 6, mandibular sclerile; 7, dentate sclerite; 8, cephalic ring; 9, 
stomal dilator; 70, mandibular depressor; 11, salivary duct; 12, ventral cephalic pro¬ 
tractor; 73, 14, ventral cephalic retractors; 75, floor of posterior portion of pharynx; 16, 
oesophagus; 77, ventral cephalic protractors. (Redrawn from Hewitt, The House-Fly 
[Cambridge University Press, 1914].) 


The Digestive Tract and Its Appendages 
The alimentary canal of the third-stage larva is considerably longer than 
the larva itself. This is due chiefly to the excessive length of the mesenteron 
or mid-gut, which doubles back and forth upon itself in elaborate fashion. 

Beginning at the anterior end is the mouth aperture, which opens on the 
ventral surface between the oral lobes. This is followed by the muscular 
pharynx, the greater anterior portion of which lies within the pharyngeal 
sclerites. The posterior extremity of the pharynx opens upward into the 
oesophagus, which passes through the nerve ring and extends backward to 
the posterior margin of segment 6. The next unit is the proventriculus, a short, 



no 


THE HOUSEFLY 


thick-walled structure into which a portion of the oesophagus is invaginated. 
All parts listed thus far pertain to the stomodaeum and are lined with a 
chitinous intima, the reflected cuticle of the body wall. A small ring of deeply 
staining cells at the anterior extremity of the proventriculus is thought to 
represent the proventriculus of the adult fly. Two large salivary glands lie 
laterally in segments 5 and 6. The two slender salivary ducts pass forward and 
fuse in segment 3 to form a single channel. This opens into the pharynx from 
below, just posterior to the mouth. It is believed that the saliva not only aids 
in digestion but also serves to make Lhe food more fluid. There is no crop in 
housefly larvae. 

The mesenieron, or ventriculus, has no internal intima. Neither is there a 
peritrophic membrane. The anterior portion bears tour tubular caeca, a fea¬ 
ture not found in the adult. The point of juncture with the hind intestine, 
which lies in segment to, is marked by the presence of the Malpighian tubes, 
four in number, which arise by bifurcation of the original two. 

The hind intestine or proctodaeum consists of two parts. The first, or true 
intestine, which is of smaller diameter than the ventriculus, runs forward two 
segments, then turns and extends backward along the ventral body wall. In 
segment jo it again bends dorsally and runs backward to the caudal ex¬ 
tremity before turning downward toward the rectum. This second and last 
portion of the proctodaeum is short and muscular. It terminates in the anus 
on the ventral side of segment 13. Like the foreintestine, the entire procto¬ 
daeum is lined with a chitinous intima, continuous with the external cuticulu. 
This is thickest in the rectal portion. 

Respiratory Structures 

From the posterior spiracles, there extend forward two longitudinal tracheal 
trunks, each of which finally terminates in the anterior spiracular process of 
its own side. At its origin, each of these trunks appears double due to the 
presence of a large lateral branch that soon bends ventrally, then passes be¬ 
neath the principal trunk to serve the central visceral mass. These visceral 
branches come to an end in segment 7. The longitudinal trunks give off a 
dorsal and a ventral branch in practically every segment. The former supply 
the fat body; the latter, the visceral organs. Both send branches to the body 
wall. Two cross commissures connect the longitudinal trunks. The posterior 
of these lies just ahead of the posterior spiracles. The anterior, which passes 
above the oesophagus, is found in segment 4. Special branches in this vicinity 
supply air to the oral lobes, nerve ganglia, and pharyngeal mass. 



LIFE HISTORY OF THE FLY 


1 11 

Nervous System 

The central nervous system of muscoid maggots shows an extreme degree 
of cephalization. A single large ganglionic mass, showing little evidence of 
segmentation, occupies portions of segments 5 and 6. The dorsal portion of 
the anterior part consists of two nearly spherical cerebral lobes. These are 
united above, but separate ventrally to create a foramen through which passes 
the oesophagus. The principal (ventral) mass of the ganglion gives rise to 
three groups of nerves. The first group consists of eleven pairs, two of which 
arise anteriorly, the other nine laterally. These represent the eleven pairs of 
original ganglia, which have become fused. The second group consists of 
three pairs that branch off from stalks leading to the imaginal discs of the pro- 
and mesothorax. The last group includes the so-called accessory nerves, which 
consist of one paired and two unpaired nerves arising from the median dorsal 
line. 

The entire ganglionic mass is enclosed in a capsular sheath, richly supplied 
with tracheae and continuous with the outer sheath of the peripheral nerves. 

The principal unit of the visceral nervous system is a small ganglion lying 
upon the oesophagus opposite the posterior portion of the cerebral lobes. 
From this ganglion, a fine nerve runs forward toward the pharynx. Another, 
after joining with a delicate nerve from each of the cerebral lobes, extends 
dorsally toward the anterior extremity of the aorta. A third follows the median 
dorsal line of the oesophagus to its posterior extremity, where it passes into 
a tiny ganglion from which fibers extend over the anterior portion of the 
proventriculus. 

The Haemocoel 

The body cavity is incompletely divided into two portions, the great 
ventral sinus and the dorsal pericardial sinus. The two communicate through 
a passage bounded by pericardial cells. In the pericardial sinus lies the cylindri¬ 
cal heart or dorsal vessel, which extends from the posterior tracheal commis¬ 
sure to a point opposite the cerebral lobes in segment 5. The posterior portion, 
or true heart, consists of three lineal chambers incompletely separated from 
one another by slight indentations that mark the location of the three pairs 
of valvular ostia. Through these blood enters from the pericardium. The heart 
is supported by three pairs of alar muscles. Leading forward from the heart is 
the tapering dorsal aorta. Both heart and aorta have transverse and longi¬ 
tudinal muscle fibers in their walls. 

The aorta terminates in segment 5 in a somewhat circular structure known 
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as Weismann’s ring, which is connected with the principal imaginal cephalic 
discs. 

The Imaginal Discs 

The imaginal discs represent embryonic tissue that has been set aside, either 
before hatching or during larval development, to provide for structures pe¬ 
culiar to the adult fly. Most, if not all, arise as invaginations of the hypo- 
dermis, with which they sometimes remain connected by a stalk. Some have 
nervous connections and most of them are intimately served by tracheae. Ac¬ 
cording to position, the discs are designated as cephalic, thoracic, and abdom¬ 
inal. The last are small and not easily distinguished, but the cephalic and 
thoracic are relatively easy to see in sectioned material. Each disc is enclosed 
in a sheath from which it everts during metamorphosis. The cephalic discs, 
of which there are several pairs, evert along a cord of cells attached to the 
dorsal wall of the anterior portion of the pharynx. They produce the head 
capsule with all its external features, including antennae and proboscis. The 
thoracic discs, which number five pairs (prothoracic, ventral mesothoracic, 
dorsal mesothoracic or alar, dorsal metathoracic, and ventral metathoracic), 
produce the entire skeletal structure of the thorax including the halteres, wings, 
and legs. 

Pupation 

The process of pupation consists of a general contraction of the larva within 
its own integument so that the latter comes to form a cylindrical puparium, 
in normal specimens about 6.3 mm. in length. The puparium shows a slight 
gradual increase in diameter from front to rear, except that both ends are 
bluntly rounded. The entire process may be completed in as brief a period as 
six hours, during which time the integument gradually darkens. Its definitive 
color is a rich, dark brown. 

Since the pupal case is formed by the last larval skin, the pupa within is said 
to be coarctate. 

There is undoubtedly a special stimulus of a hormone character which in¬ 
duces pupation in the third-stage larva. That this function is localized is in¬ 
dicated by the fact that extirpation of the cells of “Weismann’s ring,” which 
are believed to represent modified corpora allata, prevents pupation altogether. 
In testing this DeBach (1939) ligatured mature larvae anterior to the fifth 
segment (sense of Hewitt, 1914a). The segments posterior to the ligature 
underwent transformation; those anterior did not. When, however, the liga¬ 
ture was placed on segment 6, pupation took place anterior to this point. The 
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hormone'is apparently secreted from a very definite region of the body. Even 
the ligature on segment 5 did not prevent transformation of the anterior seg¬ 
ments if delayed beyond a certain “critical” period, indicating that the hor¬ 
mone had, by that time, already been secreted into the blood. This critical 
period extends from 25 to 15 hours before pupation, the average being 20. 
The hormone nature of the stimulus for pupation is further substantiated by 
the work ofFraenkel (1935), who showed that cutting important nerve trunks 
does not prevent pupation, providing circulation of the haemolymph is prop¬ 
erly maintained. 



Figure 5/. The pupal stage. Lejt: Puparium, dorsal surface. Center: Pupa, showing 
various structures of the adult fly. Right: Puparium open at anterior extremity after 
emergence of imago. 


The hardening of the cuticle of the third-stage larva to form the protective 
puparium is a rather complex phenomenon that has only in recent years re¬ 
ceived adequate explanation. Pryor (1940), who had previously studied the 
hardening of the ootheca in the cockroach, followed the process in Calliphora 
erythrocephala, where he believes the steps to be as follows: 

A dihydroxyphenol and a water-soluble protein are first secreted by the 
hypodermis into the outer layers of the cuticle. The protein then reacts with 
oxidation products of the dihydroxyphenol to form a rigid type of protein 
called sclerotin, very resistant to most enzymes and chemical reagents. This 
may be described as a “tanning” process. Essentially the same reaction takes 
place in the epicuticle, a layer that is first secreted as a protein membrane. In 
addition, the epicuticle later becomes impregnated with lipids that undergo 
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the oxidation and polymerization necessary to render them insoluble in fat 
solvents. The phenol involved in sclerotin formation is very probably dihy- 
droxyphenyl-acetic acid, produced in the hypodermis by deaminization of the 
blood phenol, dihydroxyphenyl-alanine. 

External characters of the puparium are as follows: The posterior spiracles 
of the larva are represented by two flat, buttonlike prominences at the pos¬ 
terior end. Only twelve segments are recognizable due to the fact that the 
pseudocephalon is completely withdrawn. This causes the anterior spiracular 
processes to lie almost at the anterior end. The ventral surface may be recog¬ 
nized by the persistent spiny locomotor pads. An obscure pair of pupal spiracles 
make their appearance in the conjunctiva between the fifth and sixth visible 
segments, on the dorsal side. These appear to be the pupa’s single source of air, 
as the larval spiracles connect only with the now-discarded tracheal system of 
the third-stage maggot. These larval tracheal trunks, which have been with¬ 
drawn from the interior of the pupa, lie pressed against the inner surface of 
the pupal case along with the lining of the proctodaeum and stomodaeum 
including the cephalopharyngeal sclerites. 

DEVELOPMENT OF THE PUPA 

Within forty-eight hours, under reasonably favorable conditions, most of 
the essential structures of the adult fly can be accounted for. The wing pads, 
legs, and proboscis are all distinct, and the segmentation of the abdomen is 
very clear. All parts are enclosed in a semitransparent nymphal sheath, through 
which may be observed the antennal rudiments and the large, hemispherical, 
compound eyes. The future prothoracic spiracles of the fly are represented by 
knoblike processes that connect with the thoracic spiracles of the puparium, 
already mentioned. As the hours pass, the three segments of the antennae, 
the facial ridges, the maxillary palpi, the tapering labium, and bulbous oral 
lobes become clearly differentiated. The portion of the nymphal sheath which 
encloses the wing docs not increase in size beyond a certain point, requiring 
the wing to become folded, especially on the distal third. 

Development in the pupal stage is usually a little slower than in the larval, 
as there is a tendency for the third-stage maggots to seek a somewhat cooler 
situation in which to transform. At a constant temperature of 35°C (95°?), 
adults have been known to emerge in as little as three and half days after 
pupation, but in nature, five days is more common, and under adverse condi¬ 
tions several weeks may be required. The possibility of hibernation in the 
pupal stage is discussed elsewhere. 

In all insects with complete metamorphosis, it was formerly assumed that 
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pupal transformation consists first of certain histolytic changes in which the 
parts most specialized for a larval existence are broken down. This is fol¬ 
lowed, theoretically, by the histogenesis of those structures that are of greatest 
significance in adult life. Perez (1910), who studied the transformation of 
Calliphora, points out that in the muscoid group at least the latter process 
is actually under way before histolysis occurs. The two phases thus proceed 
side by side with progressive substitution of new parts for old. Phagocytosis 
has been shown to play an important part in the tissue reduction process. 
New structures are produced by the division of embryonic histoblasts, present 
in the specialized thickenings of the epidermis already referred to as the 



Figure 52. Ptilinum of a muscokl fly. These illustrations show how the ptilinum, 
when expanded, distorts the normal outline of the head. Left: Dorsal view. Center: 
Lateral view. Right: Ventral view. (Redrawn from Graham-Smith, Flies in Relation to 
Disease (Cambridge University Press, 1914].) 

imaginal discs. It will be recalled that the imaginal discs are present before 
pupation, having been differentiated either during embryonic development 
or during larval growth. A number of anatomical features common to both 
larva and adult are not demolished, but undergo merely such reorganization 
as is necessary to adapt them for the insect’s future needs. The Malpighian 
tubes and certain muscles are examples. It has been suggested that meta¬ 
morphosis may perhaps be regarded as a return to embryonic development. 

EMERGENCE OF THE ADULT 

When transformation has been completed, the fly pushes off the anterior 
end of the pupal case. A circular slit appears in segment 6 (fifth visible seg¬ 
ment), and the detached cap is split into two parts by longitudinal fissures 
more or less in line with the anterior spiracular processes. This is accom¬ 
plished by the ptilinum, an inflated sac that protrudes from the frontal region 
of the head just dorsal to the base of the antennae. Once its head is free, the 
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fly crawls out of the puparium, at the same time extricating itself from the 
nymphal sheath, which remains as a lining to the empty case. 

In many instances the adult finds it necessary to work its way up through 
considerable debris, such as straw, leaves, sand, or manure, and in this the 
ptilinum proves most useful. Alternate expansion and contraction of this 
organ effect a passageway by which the fly eventually attains the surface of 
the heap. When expanded, the ptilinum is nearly as large as the head and 
renders the antennae quite invisible. When contracted, it appears merely as 
a dull area, fleshy-looking and free from hairs. Eversion is accomplished by 
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Figure 53. Wing of newly emerged fly. Left wing of fly that has just 
extricated itself from the pupal case. 1, wing base; 2, costal margin; 3, apex; 

4, anal area. In a short time this teneral structure will expand and harden into 
the typical adult wing, with rigid veins and cross veins' (Redrawn from 
Graham-Smith, Flics in Relation to Disease [Cambridge University Press, 
1914].) 

changes in blood pressure (Reaumur, 1738), and retraction by special muscles 
that do not persist in aged adults (Laing, 1935). 

The fly crawls rapidly about while its wings unfold and the exoskeleton 
proceeds to harden. By withdrawal of fluids, the wings become flat, thin, and 
transparent, rigidly supported by the longitudinal veins and cross veins. The 
chitin of the body becomes darker, each portion finally taking on its character¬ 
istic coloration. The ptilinum is at last withdrawn completely, leaving only 
the crescentic frontal “lunule,” above the antennae, to mark its previous lo¬ 
cation. 


DISPERSAL AND RANGE OF FLIGHT 

Whether or not flies engage in general dispersal flights, as do some species 
of mosquitoes, is conjectural; nevertheless, there are interesting records of 
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their traveling unusual distances. Hodge (1913a) found numerous specimens 
of Musca, Stomoxys, and Calliphora on cribs of waterworks located one and 
a quarter miles, five miles, and six miles from shore, in Lake Erie. There were 
no animals kept on the cribs, and all flies seemed very hungry. Perhaps they 
were blown from shore by strong winds and were merely fortunate in finding 
the cribs as resting places, but it is entirely conceivable that their own powers 
of flight brought them thither, regardless of the direction of prevailing winds. 

Bishopp and Laake (1919) studied the dispersion of flies by releasing some 
80,000 artificially colored specimens from a central point. Traps were set up 
at various distances in all directions. Marked specimens of Musca domestica 
were recovered from as far as thirteen miles away from the place of liberation. 
For Cochliomyia macellaria the maximum distance was fifteen miles; for 
Phonvia regina, eleven; and for Ophyra leucostoma, seven. These authors 
observed that many favorable places for feeding and for breeding were ap¬ 
parently passed by in the course of these migrations. 

The same authors (1921) report equivalent results from experiments in 
which the total number of flies involved was 234,000. It is noteworthy that 
Musca domestica was found six miles from the point of release in less than 
twenty-four hours. Males as well as females showed marked migratory tend¬ 
encies. 

Derbeneva-Ukhova (1942b), however, found the flight range of Musca 
domestica in the province of Archangel to be not usually more than 1,150 
feet; and Hindle (1914b), who conducted some rather elaborate experiments, 
concluded that the usual maximum flight range in England was not more than 
a quarter of a mile, especially where houses were fairly numerous. He does 
record one case of flight across open fenland, a distance of 770 yards. Hindle’s 
studies involved the use of fifty catching stations and the liberation of some 
25,000 flies. His conclusions were that fine weather and a warm temperature 
were positive factors in the encouragement of dispersal and that flies tend to 
travel much farther in the country than in town, where, of course, food 
and shelter are available on every hand. Hindle also noted that the time of 
day affected the tendency of flies to engage in dispersal flights. Batches liberated 
during the morning hours scattered much more widely than flies liberated 
in the afternoon. In preparation for a flight of any distance, the insects were 
observed to mount vertically to a height of about forty-five feet. 

Comparable experiments by Parker (1915, 1916c,d) gave rather similar 
results. A total of 387,877 flies were marked and released from four selected 
points. Seventy-eight collecting stations were established at distances ranging 
from 50 to 3,500 yards. Parker found that the average fly leads an extremely 
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migratory existence and that a rather rapid spread over an area of five square 
miles about the point of release was fairly common, at least under city condi¬ 
tions. Odors, wind, temperature, and the general state of the weather all 
influenced dispersal. Individual flies not infrequently left the city environ¬ 
ment and flew across open country to some distant point. This shows the ob¬ 
vious need for co-operation between communities in any program for effective 
fly control. 


LONGEVITY 

In the height of summer, it is doubtful if flies ordinarily live longer than 
two or three weeks. At lower temperatures, however, this may probably be 
extended to as much as three months. If there is true hibernation of adults, 
such individuals must, presumably, live even longer. 

HIBERNATION 

Authorities differ in their opinion as to how Musca domestica usually passes 
the winter in temperate zones. Mellor (1919) classifies such opinion under 
four heads: 

(1) Newstead (1907, 1909) and Hewitt (1914a, 1915a) held rather strongly 
that the housefly passes the winter only in the adult stage. The latter favored 
the early suggestion of Copeman and Austen (1914), who stated that “the 
relative lateness of the season at which houseflies annually become abundant 
may be due to the smallness of the numbers of individuals that in an active 
or inactive condition survive the winter in houses or buildings.” 

(2) Copeman (1913) was inclined to the opinion that though the adults 
that survive the cold are the principal factor in carrying the species through 
the winter, it is possible that the pupal stage also hibernates. He did not fur¬ 
nish proof, however, that such took place. 

(3) The third group, and the largest, holds that immature stages are more 
important than the adult stage in providing for the continuance of the species 
the following year. Williston (1908) stated that only in secluded places were 
the adult flies able to live through, and that normal survival was in the pupal 
stage. Howard (1911a) makes similar statements, pointing out that in manure 
heaps or at the surface of the ground beneath such heaps, pupae may survive 
very well. Howard thought that adult flies found active in warmed houses 
throughout the winter were of slight importance in starting the breeding 
program the following spring. Presumably such flies live out their normal life 
span and die off before opportunity for oviposition in a suitable medium is 
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forthcoming. More significant, according to Howard, are the few adults that 
remain dormant in cold, sheltered situations. These do not exhaust their 
energy with useless buzzing and meaningless flights from room to room and, 
therefore, with the approach of spring temperatures have many days of natu¬ 
ral activity still before them. 

Most serious investigators, however, warn of the danger of careless identi¬ 
fication in interpreting observations on hibernating flies. Where careful ex¬ 
amination has been made, the actual numbers of Musca domestica have usually 
been surprisingly low. Neither have supposed hibernating batches of flies 
shown any great preponderance of females over males, as might be expected 
if the survival of fertilized females constitutes the chief guarantee of species 
survival. Copeman and Austen finally reversed their stand and concluded that 
the customary explanation of the perpetuation of the housefly by overwintered 
adults must be abandoned. 

The work of Bishopp, Dove, and Barman (1915) on the biology of house¬ 
flies in Texas showed that in that latitude hibernating adults are a rarity. 
Either breeding goes on throughout the winter in situations artificially warmed 
or, more commonly, the species survives in the immature sLages. Larvae and 
pupae were observed by Dove (1916) to complete their development during 
the winter in manure piles kept warm by the fermentation of fresh manure 
added at frequent intervals, and adult flies emerged on mild days at tempera¬ 
tures as low as 45°-55°F (7.2°-i2.8°C). 

(4) The extreine viewpoint is represented by the work of Skinner (1913, 
j9j5), who came to the conclusion that “houseflies pass the winter in the pupal 
stage and no other way.” 

A good portion of the confusion described above arises from the fact that 
conditions in Texas or southern Italy are scarcely to be compared with those 
in New York, for example, or in Scotland. Thus, in warmer latitudes it has 
been demonstrated repeatedly that though lower temperatures prolong the 
duration of the several stages and thus extend the life cycle, there is in fact 
no interruption to continuous breeding and that there is no necessity for 
hypothesizing a prolonged quiescent state. 

The sub-zero temperatures of the northern United States and Canada, 
however, would seem to impose conditions incompatible with continuous de¬ 
velopment. Two possibilities suggest themselves: (1) hibernation of any or 
all stages, (2) migration from more southern latitudes as soon as weather 
conditions are suitable in the spring. 

Recent observations by Matthysse (1945), on the other hand, tend to show 
that there is a very large amount of continuous breeding within dairy barns 
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even in regions where outside temperatures often become extreme. In Clinton 
County, New York, which is the most northerly county of the state, huge 
numbers of houseflies were produced in midwinter in a normal type of dairy 
barn housing sixty head of cattle. The outside temperature was frequently 



Figure 54. Life cycle of the housefly. It is possible for a generation to be completed 
in as little time as eight days, if all stages encounter favorable conditions. In nature the 
summer average is between ten days and two weeks for the temperate zone. 


below o°F (—17.8°C), but inside the men worked in shirt sleeves and the 
thermometer never registered below 32°F (o°C). Box stalls, which were only 
cleaned at fortnightly intervals, undoubtedly contributed the bulk of the fly 
population. Teneral adults were observed crawling up posts and stanchions, 
and the fly problem became actually greater in midwinter than it had been 
in late summer or early fall. With the advent of spring, these flies left the 
barn in large numbers, and it was observed that the fly population of the im- 
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mediate vicinity notably exceeded that of regions some two hundred miles 
farther south. This observation, combined with the fact that freezing tempera¬ 
tures were still frequent in the month of March, argued strongly against the 
insects’ being there as a result of a northward spring migration. 

The same author points out that flies have been observed to breed freely 
during the winter in animal pens at the New York State Veterinary College 
in Ithaca, even to the extent, that control measures became necessary in the 
month of January. 

The obvious conclusion to this perplexing question is that since each geo¬ 
graphical region is likely to have climatic peculiarities of its own, one is justi¬ 
fied in making generalizations only after controlled investigations pertaining 
to the particular locality have been completed and analyzed. 

FECUNDITY 

Perhaps the most arresting thing about the housefly is its remarkable ca¬ 
pacity to reproduce. The concentration of larvae in a suitable breeding medium 
is sometimes unbelievable. An ounce of manure taken from a few inches be¬ 
low the surface of the soil has been found to contain 868 pupae. In India no 
less than 4,042 flies were hatched from one-sixth of a cubic foot of soil taken 
from a trench used to bury night soil. When one realizes that these are 
survival figures representing the successful completion of development, the 
potential reproductive capacity of the species seems all the more astounding. 
Loss of eggs and larvae through desiccation, starvation, activities of parasites 
and predators, and other factors is inevitable, yet after all these have taken 
toll, adults may emerge in astronomical numbers. 

Howard (1911a), allowing an average of ten days for completion of each 
generation in the summertime in the latitude of Washington, calculated that 
a single gravid female that laid 120 eggs on April 15 could, theoretically, be 
responsible for the emergence of 5,598,720,000,000 adult flies on or before Sep¬ 
tember 10! These calculations also allow for a period of ten days after the 
emerging of all adult flies before sexual maturity is achieved. Many undoubt¬ 
edly reproduce in less time than this; likewise, many females live to produce 
more than one batch of eggs, which would make the total infinitely greater. 
Devoe (1945) gives 325,923,200,000,000 as the possible number of summer 
descendants from a mated pair. 

Of course no such actual increase takes place in nature, since only a limited 
number of individuals can hope to meet with conditions suitable for survival 
even in the most favored environmental situations. Kuzina (1936), for ex¬ 
ample, found that in ordinary rearing work, the eggs suffered a mortality 
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of 2.23 per cent in the laboratory and of 11.33 per cent in the insectary that 
he used. For larvae, the figure was 17.33 per cent in the laboratory and 20.58 
in the insectary. The pupae showed mortality rates in the two situations of 
8.65 and 17.60 per cent. 

Nevertheless, after all this is taken into account, the reproductive capacity 
of the fly is truly amazing. 

GENETICS AND EVOLUTION 

Studies on the heredity of the housefly comparable to those that have yielded 
so much valuable information concerning the fruit fly, Drosophila melano- 
gaster, have yet to be undertaken. An example of what can be done, however, 
is suggested by the work of Barber (1948), who has succeeded in isolating two 
distinct strains, less vigorous than the normal, in which the distinguishing 
characters occur in the pupal stage. In one of these, called the “lethal line,” 
the puparia are much more elongated than in the normal, and possess a pore 
at the anterior end. This pore results from the fact that the larvae are not 
able to retract their mouth parts in the ordinary manner when the puparium 
is formed. Both microorganisms and predatory arthropods may enter through 
it and attack the pupa, thus reducing the survival rate. Cannibalism may even 
occur, as when active housefly larvae enter the pore and proceed to destroy 
the pupal tissue. Added to these hazards is the fact that flies have great diffi¬ 
culty in emerging from the elongated puparia, and many of them perish in 
the attempt. The name “lethal line” appears to be well-chosen. Barber suc¬ 
ceeded in establishing a pure culture after three generations of selection; that 
is, the line was pure in the F.,. 

The other strain, known as “flat,” has puparia that are somewhat flattened 
and rectangular, with the segmentation unusually well marked. Anterior 
pores are not a feature in this strain. Barber’s selected cultures contained 
normal puparia up to the twelfth generation, after which the line became 
pure. The percentage of emergence for the “flat” line is considerably higher 
than for the “lethal” but is always below the normal. 



CHAPTER V 


Taxonomy and Nomenclature 


Some men are more vexed with a fly than tvith a wound.—Jeremy Taylor, The 
Mysteriousness ol: Marriage 

F ITTING a species into its proper niche in the scheme ol things is perhaps 
as difficult a task as any with which the biologist may be concerned. Ac¬ 
cording to the most conservative estimates there are at least 750,000 described 
species ol insects, of which perhaps 85,000 fall in the Order Diptera. Actual 
numbers probably run much higher than these. How is the amateur to know 
a housefly when he sees one? 

In the first place the housefly is an animal, with all the attributes, structural 
and physiological, which entitle it to a place in the animal kingdom. In gen¬ 
eral these attributes fall under two heads: (1) The possession of structures 
suited to the ingestion and utilization of ready-made organic materials, spe¬ 
cifically carbohydrates, proteins, and lipoids. These must have been previously 
synthesized in the tissues of plants, or of other animals that depend directly 
upon green plants for their sustenance. (2) The possession of structures per¬ 
mitting a greater degree of motility than is usual or possible among typical 
plants. They are thus enabled to move from place to place, and are therefore 
not dependent upon a fixed situation for food, shelter, or other environmental 
features necessary to life. 

Either of these attributes alone may not be sufficient to differentiate between 
animals and plants. Certain of the latter, specifically the fungi, require com¬ 
plex, organic foods, even as animals do, and are quite as dependent upon the 
synthetic activities of green plants. Again, motility is not unknown among the 
unicellular green algae, where a number of forms such as Volvox make ex¬ 
cellent progress through water by means of their flagellar processes. 

But on this point the housefly presents no problem, since its animal char¬ 
acteristics are patent beyond any shadow of a doubt. We shall therefore pro¬ 
ceed at once to the next step in classification, assignment to phylum or division. 
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THE PHYLUM ARTHROPODA 

' Animals fall into eleven major groups. The largest of these, both in number 
of species and number of individuals, is the phylum Arthropoda. Not only do 
arthropods exceed in number all other forms of animal life taken together, 
three to one, but they are exceedingly widespread geographically, and, except 
for very high latitudes (and altitudes), there are few places on or near the 
surface of the earth that do not boast an arthropod population. Three features 
characterize this large and varied group: (i) the presence of a number of 
pairs of jointed appendages, at least in certain stages of the life cycle; (2) an 
external skeleton of chitin, which must be shed at intervals to permit normal 
growth and development; and (3) an open circulation, which requires the 
coelom (body cavity) to function as a blood chamber or haemocoel. 

Lobsters, crabs, crayfish, spiders, ticks, mites, scorpions, centipedes, milli¬ 
pedes and insects are familiar examples of arthropods. 

THE CLASS HEXAPODA 

Phyla are divided into classes, of which the phylum Arthropoda contains 
no less than thirteen. Only five or six of these, however, are very commonly 
encountered. The Crustacea, of which the crab is an example, are almost 
entirely aquatic, and breathe by means of true gills. All other classes are more 
or less terrestrial, and breathe by spiracles or by book lungs. The millipedes, 
which fall in the class Diplopoda, are slothful, wormlike,creatures that, due 
to a fusion of their dorsal segments, appear to possess two pairs of tiny legs 
on each segment of the body. The centipedes, which constitute the class 
Chilopoda, move more rapidly, having conspicuously developed legs, of which 
one pair is borne by each typical segment. Centipedes have piercing jaws, and 
the larger forms can inflict a painful bite. The class Arachnida includes the 
spiders, scorpions, ticks, mites, and related forms. All typical adult arachnids 
possess four pairs of jointed legs, borne by the anterior portion of the body 
(cephalothorax). They are often found in situations similar to those inhabited 
by insects, and are sometimes confused with them. 

All true insects on the other hand fall in the class Hexapoda, the most 
numerous and widespread of all the animal groups. Practically all adult forms 
possess six jointed legs (three pairs), borne by the thorax, or mid-section of 
the body. This is the only class of Arthropoda in which wings occur. Most 
orders display two pairs, of which the second and third thoracic segments 
each bear one. All insects have the body more or less clearly divided into three 
distinct parts: a head, which bears the antennae, eyes, and mouth parts; a 
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thorax of three segments, which bear the wings and legs; and an abdomen 
that may exhibit up to eleven distinct segments. 

THE ORDER DIPTERA 

Of the thirty or more orders of Hexapoda, the best known are the Coleoptera 
(beetles), Lepidoptera (butterflies and moths), Hymenoptera (ants, bees, and 
wasps), Orthoptera (crickets, cockroaches, locusts), and the Diptera (true 
flies). The Trichoptera (caddis flies), Odonata (dragonflies and damsel flies), 
Ephemeroptera (May flies), Plecoptera (stone flies), Mecoptera (scorpion 
flies), and certain other groups colloquially referred to as “flies” are not flies 
in the taxonomic sense, and need not concern us here. 

The Diptera, to which order houseflies belong, may be characterized as 
follows: 

Insects, in which the mouth parts are adapted for sucking and sometimes 
for piercing, but never for chewing solid food. The single pair of wings are 
borne by the second thoracic segment and are membranous in nature. The 
wings of the more highly specialized flies tend to have fewer veins and cross 
veins than the more primitive members of the order. A few degenerate 
forms are wingless. The second pair of wings is represented in all true flies 
by a pair of knobbed hairs, the halteres, which are believed to function as 
organs of equilibrium. Like most of the highly evolved orders of insects, 
Diptera show complete metamorphosis; that is, the life history consists of 
four phases: egg, larva, pupa, and adult. 

This vast aggregation of two-winged insects may be divided into two 
suborders, on the basis of the manner in which the adult (imago) emerges 
from the pupal skin. In all primitive forms (some thirty families, including 
mosquitoes, black flies, horseflies, midges, and others) this is accomplished 
by means of a longitudinal or T-shaped slit, which appears on the dorsal sur¬ 
face and through which the adult fly makes its escape. These constitute the 
suborder Orthorrhapha. 

The more specialized groups, however, escape from their oval or barrel- 
shaped puparia by means of a clean, circular slit, close to the anterior end. The 
cap or operculum is thrust off by the ptilinum, a special structure just above 
the antennae, which is later withdrawn into the head of the fly. These make 
up the suborder Cyclorrhapha, the group with which we shall be principally 
concerned. 

It is customary to divide the Cyclorrhapha into two series, the Aschiza and 
the Schizophora. The Aschiza, composed of four families, are characterized 
by the absence or great reduction of the frontal suture. In this series the 
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ptilinum is usually small and fails to persist after the adult has emerged. The 
Schizophora, on the other hand, aggregating nearly forty families, possess a 
well-marked frontal suture behind which, within the head, the withdrawn 
ptilinum remains for the life of the fly. 

Taxonomists recognize two sections of Schizophora. Species that constitute 
the smaller section, known as the Pupipara, are characterized by the fact that 
the larvae remain within the body of the female fly until ready for pupation. 
Four families of flies fall here. All are parasitic in the adult state, and many 
are wingless. The larger section, the Muscoidea (Myodaria), includes all of 
the better-known flies and probably represents more than half of the order 
Diptera. There are two subsections of Myodaria. Houseflies belong in that 
group known as the calyptrate Muscoidea or Calypteratae. All species here 
contained have squamae (alulae, calypters) which are large and well de¬ 
veloped, and tend to conceal the halteres. The transverse suture of the thorax 
in the Calypteratae is distinct and easily recognized. These species stand in 
contrast with the acalyptrate Muscoidea, in which the calypters are small or 
vestigial and in which the transverse suture of the thorax is but rarely distinct. 
The family Scatophagidae (Cordyluridae), being somewhat intermediate in 
these respects, has sometimes been listed with one group and sometimes with 
the other, but present opinion associates these forms quite definitely with the 
Calypteratae. 


THE FAMILY MUSCIDAE . 

The families of calyptrate Muscoidea have been variously classified by dif¬ 
ferent authors, and the whole concept of their relationship has undergone 
much change as new and better characters have been discovered and put to 
use. Twenty five years ago the family was conceived of as including a limited 
number of genera, of which Musca, Glossina, and Stomoxys were among the 
best-known examples. Closely related families were the grayish Sarcophagidae 
(flesh flies), the metallic Calliphoridae (blowflies), the Anthomyiidae (which 
contained the genus Fannia, and was recognized chiefly by the absence of a 
sharp bend in the fourth longitudinal vein), the Oestridae (botflies, in part), 
Gasterophilidae (horse botflies) and the Tachinidae (the larvae of which are 
parasitic in insect hosts). A character much used in separating families was 
the arista, dorsal appendage of the third antennal segment. This structure 
is variously plumose in true Muscidae but bare in Tachinidae, except for the 
subfamily Dexiinae, in which it is at least pubescent to the tip (West, 1924, 
1925b,1948). 

The presence or absence of hypopleural bristles is another character of great 
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Figure 57. Basic classification of the order Diptera. In the suborder Orthorrhapha, 
only the medically important families are shown. There arc many others. For a similar 
analysis of the calvptrate, Cyclorrhapba, see Fig. 58. 
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importance, and its use in more recent years has considerably influenced family 
boundaries. Because both groups possess them, along with other unifying 
characters, Curran (r934) treated the Calliphoridae and Sarcophagidae of 
authors as one family, the Metopiidae, which he made to include part of the 
Tachinidae of Williston’s Manual (1908). Hall (1948), however, prefers to 
consider the Calliphoridae distinct, separated from the Sarcophagidae by the 
absence, in the latter, of intrapostocular cilia. Also, in both sexes, the general 
structure of the genitalia tends Lo show the two families as quite distinct. 
Again, Curran defines the family Muscidae as including the Scatophagidae 
and Anthomyiidae of authors, plus all those Muscidae of Williston’s Manual 
which lack hypopleural bristles. The union of the Scatophagidae with the 
Anthomyiidae seems to have been widely accepted, but writers of general 
texts seem loath to merge the latter family with the Muscidae. Thus Matheson 
(1944) uses the under surface of the scutellum, which is bare in Muscidae but 
hairy in Anthomyiidae, to differentiate between these groups. Also, the anal 
vein always reaches the margin of the wing in anthomyids, a condition rarely 
encountered in muscid species. The recently available Manual of Myiology, 
consisting of several volumes published by Townsend over a period of years, 
will undoubtedly influence muscoid classification for decades to come, but it 
will be some time before students become generally familiar with the group¬ 
ings that Townsend has proposed. Musca domestica is treated in Part XII 
(1942), which bears the title “General Consideration of the Oestromuscaria.” 
Dr. Townsend has undoubtedly amassed a greater amount of information 
concerning the muscoid flies than any other student of the group, and his 
work should not be underestimated. 

Meanwhile it seems practical, for purposes of this volume, to consider the 
Muscidae as limited, in the sense of Matheson and others, to the nonantho- 
myiid genera which lack hypopleural bristles. It is convenient to separate 
the Muscidae into two subfamilies, the Stomoxyidinae, a true bloodsucking 
group, and the Muscinae, whose mouth parts are in most species for lapping 
only. The first includes the biting stable fly, Stomoxys calcitrans, the horn fly, 
Haematobia irritans, and the tsetse flies, which fall in the genus Glossina. The 
Muscinae include, besides Lhe housefly, such forms as Muscina assimilis, Mus- 
cina stabulans, and Cryptolucilia caesarian. 

THE GENUS MUSCA 

In the broader sense this genus includes all those nonmetallic members of 
the subfamily Muscinae which possess a sharp angle in the fourth longitudinal 




Figure 5 8. Important families of Calypteratae. The family Muscidae is further sub¬ 
divided to show the taxonomic position of Musca domcstica and its subspecies. 
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vein. Townsend has erected a number of genera within this group, several of 
them monotypic, but economic and medical entomologists prefer to regard 
these as no more than subgenera, at most. An acceptable compromise appears 
to be the recognition of three subgenera, distinguished primarily on the basis 
of biological differences. By this arrangement the subgenus Musca Linnaeus, 
which includes at least twenty-three species besides domestica, may be de¬ 
scribed as an oviparous group in which the eggs lack any semblance of a 
stalk. The subgenus Eumusca Townsend is also oviparous, but the eggs 
possess distinct stalks by which they are attached to the substratum. At least 
twelve authentic species may be assigned here. The third subgenus, Vivi- 
paromusca, is believed to be entirely larviparous. At least fifteen species con¬ 
stitute this group. The type species of Eumusca is M. antumnalis De Geer; 
the type of Viviparomusca is M. vivipara Portchinsky. 1 

THE SPECIES DOMESTICA 

This species is listed as number 54 under the genus Musca in the tenth 
edition of the Systema Naturae, published by Linnaeus in 1758. There seems 
to be no doubt whatever as to its identity or validity. The genus Musca as 
employed by Linnaeus was exceedingly broad in comparison with present- 
day concepts, and included certain species now assigned to the Syrphidae, 
Stratiomyidae, and Bombyliidae. This is not strange, however, when one con¬ 
siders that Linnaeus utilized only ten genera in his classification of all Dipteral 
Since that time enthusiastic taxonomists have proposed approximately forty 
new names for species which they believed to be distinct, but which accord¬ 
ing to present-day concepts of structure and taxonomy are regarded as 
synonymous with domestica of Linnaeus. The only form that has been gen¬ 
erally recognized as biologically distinct is vicina of Macquart, a subspecies 
that tends to have a more tropical distribution than domestica. It differs from 
domestica chiefly in having the abdomen more extensively orange, especially 
on tergites 1 to 3. The males differ further in having the vertex somewhat 
more narrow, as compared with the width of the compound eyes. 

1 1 am greatly indebted to Dr. Eugene G. Munroe for permission to make extensive 
use of his unpublished compilation of literature dealing with the genus Musca. The 
manuscript summarizes important taxonomic data gleaned from the careful study of 
more than a hundred technical papers and monographs published prior to 1940. The 
labor which Mr. Munroe’s kindness has saved me is enormous. 
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CLASSIFICATION OF MUSCA DOMESTIC A —RECAPITULATION 

KINGDOM: Animalia 

PHYLUM: Arthropoda 
CLASS: Hexapoda 
ORDER: Diptera 

SUBORDER: Cyclorrhapha (Athericera) 

SERIES: Schizophora 
SECTION: Muscoidea (Myodaria) 

SUBSECTION: Calypteratae 
FAMILY: Muscidae 
SUBFAMILY: Muscinae 
GENUS: Musca 
SUBGENUS: Musca 
SPECIES: M. domestica 
SUBSPECIES (two): 

M. domestica domestica Linnaeus 

M. domestica vicina Macquart 

THE NAME 

Musca domestica is one of the best-known and most-used scientific names, 
not only in the realm of pure and applied biology but in nonscientific circles 
as well. It therefore came somewhat as a shock in 1915 when C. H. T. Town¬ 
send, a very thorough student of taxonomic literature, challenged its authen¬ 
ticity by pointing out that Latreille, in 1810, had designated the large blue¬ 
bottle fly today known as Calliphora vomitoria (Linn.) as the type of the 
genus Musca, By strict interpretation of the international rules of zoological 
nomenclature, the genus Calliphora, which was erected by Robineau-Desvoidy 
in 1830, should therefore fall to Musca of Linnaeus, which dates from 1758. 
Townsend, an analytical taxonomist, attempted to solve the problem by 
proposing a new genus, Promusca, for Musca domestica of authors. 

To economic and medical entomologists, however, this was anathema, and 
the controversy between those practical workers who hesitated to abandon 
the well-known name and the theoretical taxonomists who seemed resolved 
to preserve the integrity of the International Rules at any cost became acute. 
The matter was further complicated by the disclosure that the larva of the 
housefly had in very remote times been erroneously described as a roundworm 
(Ascaris conostoma ), and that this supposed helminth had been made the 
type of a distinct genus, Conostoma, about the year 1801. Thus, if domestica 
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could no longer be assigned to the genus Musca, there would be quite as good 
a case for citing it in Conostoma as in Promusca, with the bulk of the evi¬ 
dence rather favoring the former, since it had been erected for a species that 
was the undisputed synonym of M. domestica and had a century or more of 
priority over Townsend’s proposed name. 

In 1917 C. W. Stiles published in Entomological News a notice to the zoologi¬ 
cal profession concerning possible suspension of the International Rules of 
Zoological Nomenclature in regard to Musca and Calliphora , so that both 
might continue to be used in accordance with the long-accepted concept of 
these groups. L. O. Howard, W. D. Pierce, and twenty-one other professional 
zoologists joined in this request to the International Commission. It was 
pointed out that Musca domestica had enjoyed consistent usage since 1758 and 
Calliphora vomitoria since 1830, in various literature pertaining to zoology, 
medicine, epidemiology, and veterinary science, and that a change in the 
nomenclature of either of these species would be most regrettable. The final 
notice appeared in 1923, stating that the committee would vote to exercise 
its plenary powers and, under suspension of the Rules, declare M. domestica 
the type species of the genus Musca. By the same action the genus Calliphora 
was validated, with C. vomitoria as type. 

ON THE USE OF COMMON NAMES 

The common name of Musca domestica has been “housefly” (house fly, 
house-fly) in English-speaking countries for centuries. 'A strenuous effort 
was made by L. O. Howard (1911a,b,c) and others of that time to estab¬ 
lish the name “typhoid fly,” since typhoid fever was the most serious and 
widespread fly-borne disease with which sanitarians of that period had to 
contend. “Cholera fly,” “dysentery fly,” “enteric fly” might have been quite 
as appropriate. It is probably desirable, however, not to refer to the species 
as linked with any particular infection or disease, as such usage tends to blind 
the average person to its possible vectorship of other pathogens. In many parts 
of the United States today Musca domestica is less a housefly than a “picnic 
fly,” “park fly,” “dairy fly,” or “stable fly,” but wherever found, it is almost 
certain to be the availability of human food or drink which brings it there. 

This inevitable domesticity of the species thus continues to characterize its 
habits and migrations, regardless of changing social and sanitary practices. 
After prolonged intimacy with such a guest, humankind has in general come 
to accept the creature on at least a tolerated, if not a friendly, basis. For this 
reason it is not strange that the Portuguese-speaking inhabitants of Sao Paulo 
(Brazil) commonly refer to Musca domestica as “mosquito” (Pereira, 1947), 
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a natural diminutive of “mosca,” the Portuguese equivalent for “fly.” An in¬ 
timate touch is also conveyed by the traditional German designation “Stuben- 
fliege” (Flu, 1911), while the widespread occurrence of the species is implied 
by the Italian expression “mosca commune” (Generali, 1886). Hodge’s use 
(1910) of “filth fly” is certainly expressive, while his subsequent (1911a) modi¬ 
fication “filth-disease fly” is even better, though apparently too cumbersome 
to have led to any very general acceptance. 

The restless activity of the housefly is well expressed in Hutchinson’s title 
(1911) “How doth the little busy Fly?” while the conventional French usage 
“mouche domestique” (Leboeuf, 1912) again emphasizes the insect’s relation 
to the household. Newstead (1907) usually referred to the “Common House¬ 
fly” when Musca domestica was particularly intended, to distinguish it from 
other species frequently or sometimes found in houses, as did also Packard 
(1874) and Parkes (1911). The French translation of Portchinsky’s studies 
(1910) on filth-breeding Diptera employs the term “mouches coprophagues.” 

OTHER SPECIES OF THE GENUS MUSCA 

Two approaches have been employed in developing the classification of this 
genus. Malloch, in several papers, made use chiefly of the chaetotaxy, as did 
also Townsend in his numerous writings on the Myodaria. Patton, on the 
other hand, stressed the structure of the genitalia, along with various biological 
differences. 

An example of Patton’s biological groupings is his listing (1923a) of the 
Philippine species of Musca under three heads: 

Group I is characterized as composed of nonbiting, occasionally haema- 
tophagous species, mainly associated with man. These breed in garbage as 
well as in excrement of many kinds. Examples are M. domestica vicina, M. 
nebulo, and M. sorbens. Group II comprises those nonbiting, haematophagous 
forms found only on or near animals. Musca ventrosa, M. craggi, and M. 
baperi fall here. Group III is composed of the true biting forms. In the 
genus Musca these confine their attentions to animals, and breed normally 
in cow dung. Examples are Musca conducens, M. planiceps, M. crassirostris, 
and M. inferior. 

Van Emden (1939) succeeded in harmonizing the two systems of classi¬ 
fication and in resolving most of the points of controversy. 

The Munroe manuscript recognizes fifty-one valid species, distributed over 
three subgenera, Musca, Eumusca, and Viviparomusca. One hundred and 
thirty synonyms (or wrong usages) are also indicated in his list, while seven¬ 
teen species of uncertain affiliation are tabulated separately. Since their validity 
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may not be refuted (even though it cannot be confirmed), we are confronted 
with a total of sixty-eight possibly valid species, distributed over various parts 
of the world. 

Since I have seen only a small minority of these many forms, it would be 
presumptuous of me to attempt analytical keys for their identification. In 
North America, it is generally considered that M. domestica is the only recog¬ 
nizable species. South America and the West Indies can perhaps be credited 
with three or four additional valid forms (see Chapter VI). For identification 
of Palearctic species one should consult Patton’s Studies on the Higher Diptera 
of Medical and Veterinary Importance, especially the series of papers pub¬ 
lished in the year 1Q33. Van Emden’s 1939 paper, Muscidac: Muscinae and 
Stomoxydinae, is very satisfactory for the Ethiopian species, while for Oriental 
forms, the Practical Guide to the Oriental Species of Musca, by Patton (1937a), 
is quite indispensable. Puri (1943) gives a very satisfactory key to the house- 
frequenting species of Musca which occur in India. 

The species and subspecies names of the genus Musca, with remarks on the 
taxonomic position of each, appear in Table 4. 


Table 4. 

The genus Musca 


Species and subspecies names 

Synonymy 

Subgenus 

i. aethiops Stein 

Syn. of M. gabonensis 

Eumusca 

2. ajricana Bezzi 

Syn. of M. lucidula 

M use a 

3. alba Patton nec Mall. 

Syn. of M, xanthomclas 

Eumusca 

4. albina albina Wied. 

Valid species and subspecies 

Musca 

5. albina polka Mall. 

Valid species and subspecies 

Musca 

6. albomaculata Bezzi nec Macq. 

Syn. of M . cuthbertsoni 

Musca 

7. albomaculata Auct. nec Macq. 

Syn. of M. xanthomclas 

Eumusca 

8. alpesa Karsch ncc Walk. 

Syn. of M. xanthomclas 

Eumusca 

9. alpesa Walk. 

Syn. of M. lusoria 

Viviparomusca 

to. analis Macq. 

Syn. of M. domestica 
vicina(i) 

Musca 

ri. angustifrons Thoms. 

Syn. of M. sorbens sorbens 

Musca 

12. antiquissima Walk. 

Syn. of M. domestica vicina 

Musca 

13. aricioides Walk. 

Presumably valid 

Uncertain 
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Species and subspecies names 

Synonymy 

Subgenus 

14. atrijrons Big. 

Syn. of M. domestica 
vicina(f) 

Musca 

15. aucta Walk. 

Presumably valid 

Uncertain 

16. aurijacics Rond. 

Syn. of M. domestica 
domestica( ?) 

Musca 

17. aurulans R.-D. 

Presumably valid 

Uncertain 

18. australis Macq. ncc Bsd. 

Syn. of M. domestica 
domestica 

Musca 

19. autumnalis autumnalis De Geer 

Valid species and subspecies 

Eumusca 

20. autumnalis pseudocorvina van E. 

Valid species and subspecies 

Eumusca 

21. autumnalis somalorum Bezzi 

Valid species and subspecies 

Eumusca 

22. autumnalis ugandac van E. 

Valid species and subspecies 

Eumusca 

23. ba\cri Pate. 

Valid species 

Viviparomusca 

24. basilaris Macq. 

Syn. of M. domestica 
vicina{[ P) 

Musca 

25. bcclieri Schnabl 

Syn. of M. albina albina 

Musca 

26. bezzii P. 8c C. 

Valid species 

Viviparomusca 

27. biseta Hough 

Syn. of M. sorbens sorbens 

Musca 

28. bivittata Thoms. 

Syn. of M. sorbens sorbens 

Musca 

29. bovina R.-D. 

Syn. of M. domestica 
domestica 

Musca 

30. calisia Walk. 

Presumably valid 

Uncertain 

31. calleva Walk. 

Syn. of M. domestica 
domestica 

M usca 

32. campestris R.-D. 

Syn. of M. domestica 
domestica(l) 

Musca 

33. campicola R.-D. 

Syn. of M. domestica 
domestica (?) 

Musca 

34. carnijex R.-D. 

Syn. of M. lempestiva 

Musca 

35. chilicnsis Macq, 

Syn. of M. domestica 
domcstica{1) 

Musca 

36. cingalaisina Big. 

Syn. of M. planiccps 

Viviparomusca 

37. cluvia Walk. 

Presumably valid 

Uncertain 
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Table 4 (continued ) 


Species and subspecies names 

Synonymy 

Subgenus 

38. conducens Walk. 

Valid species 

Musca 

39. conducens Patt. nec Walk. 

Syn. of M. sorbens alba 

Musca 

40. con fiscata Speiser 

Syn. of M. tcmpestatum 

Musca 

41. congolensis Villen. 

Syn. of M. gabonensis 

Eumusca 

42. consanguinea Rond. 

Syn. of M. domcstica 
vicina (?) 

M usca 

43. con tin ua R,~D. 

Syn. of M. autumnalis 
autumnalis 

Eumusca 

44, convcxifrons Thoms. 

Valid species 

Viviparomusca 

45. convcxifrons Auct. nec Thoms. 

Syn. of M. xanlhotnelas 

Eumusca 

46. corvina Fabr. 

Syn. of M. domeslica 
domeslica (?) 

Musca 

47. cort/ina Frogg. nec Fabr. 

Syn. of M. sorbens sorbens 

Musca 

48. corvina Port, nec Fabr. 

Syn. of M. autumnalis 
autumnalis 

Eumusca 

49. corvinoides Patt. 

Syn. of M. larvipara 

Viviparomusca 

50. cuprea Macq. 

Syn. of M. temp estiva 

Musca 

5f. craggi Patt. 

Valid species 

Eumusca 

52. crassirostris Stein 

Valid species 

Musca 

53. cutbbcrtsont Patt. 

Valid species 

Musca 

54. dasyops Patt. nec Stein 

Syn. of Musca sp. 

Musca 

55. dctcrminata Walk. 

Syn. of M. ncbulo 

Musca 

56. dcterminata Patt. nec Walk. 

Syn. of M. domcstica vicina 

Musca 

57. dichotoma Bezzi 

Syn. of M. sorbens sorbens 

Musca 

58. divaricata Awati 

Syn. of M. domcstica 
vicina (?) 

Musca 

59. domcstica domeslica Linn. 

Valid species and subspecies 

Musca 

60. dotnestica vicina Macq. 

Valid species and subspecies 

Musca 

61. dorsomaculata Macq. nec Meig. 

Syn. of M. xanthomclas 

Eumusca 

62. clatior Villen. 

Valid species 

Viviparomusca 

63. eleodivora Walton 

Presumably valid 

Uncertain 
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Species and subspecies names 

Synonymy 

Subgenus 

64. ethiops Patt. (error) 

Syn. of M. gaboncnsis 

Eumusca 

65. eutacniata Big. 

Syn. of M. sorbens sorbens 

Musca 

66. familiar is Harris 

Syn. of M. domestica 
domcstica 

Musca 

67. jasciata Stein 

Valid species 

Musca 

68. jasciata Mall, nec Stein 

Syn. of M. tempestatum 

Musca 

69. jergusoni Patt. nec J. & B. 

Syn. of M, convexijrons 

Viviparomusca 

70. jergusoni J. & B. 

Valid species 

V iviparomusca 

71. flavijacies Big. 

Syn. of M. domcstica vicina 

Musca 

72. flats inert/ is Thoms. 

Syn. of M. domestica vicina 

Musca 

73, flavipcnnis Big. 

Syn. of M. domcstica vicina 

Musca 

74, fl oralis R.-D. 

Syn. of M. autumnalis 
autumnalis 

Eumusca 

75. fletcheri P. & S. 

Valid species 

Eumusca 

76. jnrmosana Mall. 

Valid species 

Viviparomusca 

77. formosana Patt. nec Mall. 

A subspecies of M. 
planiceps 

Viviparomusca 

78. frontalis Rond. 

Syn. of M. domestica 
domcslica (?) 

Musca 

79. jttlvcscens R.-D. 

Presumably valid 

Uncertain 

80. gaboncnsis Macq. 

Valid species 

Eumusca 

81. gibsoniV. & C. 

Valid species 

Eumusca 

82. greeni Patt. 

Valid species 

Viviparomusca 

83. grisella R.-D. 

Syn. of M. autumnalis 
autumnalis 

Eumusca 

84. gurneiV. & C. 

Syn. of M. inferior 

Eumusca 

85. gymnosomea Rond. 

Valid species 

Musca 

86. harpyia Harris 

Syn. of M. domestica 
domestica 

Musca 

87. hervei Villen. 

Valid species 

Eumusca 

88. hervei Ho (in part) 

Syn. of M. bezzii 

Viviparomusca 

89. hilli J. & B. 

Valid species 

Musca 

90. hilli Patt. nec J. & B. 

Syn. of M. ventrosa 

Musca 
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Table 4 ( continued) 


Species and subspecies names 

Synonymy 

Subgenus 

91. hottcntota R. -D. 

Syn. of M. domestica 
domestica( ?) 

Musca 

92. humilis Wied. 

Syn. of M. s or bens sorbens 

Musca 

93. incerta Patt. nec Walk. 

Syn. of M. pattoni 

Musca 

94. indica Awati 

Syn. of M. planiceps 

Viviparom use a 

95. injerior Stein 

Valid species 

Eumusca 

96. insignis Austen 

Syn. of M. crassirostris 

Musca 

97. illingworthi Patt. 

Valid species 

V iviparom use a 

98. interrupta Mall, et al. nec Walk. 

Syn. of M. lasiophthalma 

Musca 

99, interrupta dasyops Stein 

Valid species and subspecies 

Musca 

100. interrupta interrupta Walk. 

Valid species and subspecies 

Musca 

toi. jacobsoni Mall. 

Valid species 

Musca 

102. \asauliensis Awati 

Syn. of M. ventrosa 

Musca 

103. \weilinensis Ouchi 

Presumably valid 

Uncertain 

104. larvipara Port. 

Valid species 

V iviparom use a 

105. lasiopa Villen. 

Valid species 

Eumusca 

106. lasiophthal ma Patt. nec Thoms. 

Syn. of M. interrupta 
interrupta 

Musca 

107. lasiophthalma Thoms. 

Valid species 

M use a 

108. lateralis Macq. 

Syn, of M. domestica 

domestica or vicina (?) 

Musca 

109. latlfrons Wied. 

Syn.of M. sorbens sorbens 

Musca 

no. latijrons Awati 

Syn. of M. gibsoni(l) 

Eumusca 

in. latiparafrons A wa ti 

Syn. of M. gibsoni(l) 

Eumusca 

112. lincata Brunetti 

Syn. of M. conducens 

Musca 

113. lucens Villen. 

Valid species 

Musca 

114. litcidula Loew 

Valid species 

Musca 

115. ludicijacies R.-D. 

Syn. of M. autumnalis 
autumnalis 

Eumusca 

116. ludifica Fabr. 

Syn. of M. domestica 
domestica 

Musca 

117. lusoria Wied. 

Valid species 

Viviparomusca 
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Species and subspecies names 

Synonymy 

Subgenus 

118. lusoria Bezzi nec Wied. 

Syn. of M. convexijrons 

Vi viparomusca 

t \g. tncdiana Wied. 

Syn. of M. sorbens sorbens 

Mu sc a 

120. mesopotamiensis Pa tt. 

Valid species 

Musca 

) 21. minima Rond. 

Syn. of M. tempestiva 

Musca 

122. minor Maccj. 

Syn. of M. do me Stic a 
domestic a 

Musca 

123. minor Patt. nec Macq. 

Syn. of M. sorbens sorbens 

Musca 

124. modesla de Meij. 

Syn. of M. crassirostris 

Musca 

125. multi spin a A w a ti 

Syn. of M. nebulo{ P) 

Musca 

) 2 6. mu nr 01 Patt. 

Valid species 

Eumusca 

127. nana Meig. 

Syn. of M. tern pest iva{ ?) 

Musca 

128. natalcnsis Villen. 

Valid species 

Vi viparo m use a 

>29. nebula Fabr. 

Valid species 

' Musca 

130. nigripes Panz. nec Fabr. 

Syn. of M. autumnal is 
autumn alls 

Eumusca 

131. nigrithorax Stein 

Syn. of M. ventrosa 

Musca 

T32. niveisquama Thoms. 

Syn. of M. sorbens sorbens 

Musca 

133. otr/c /entis Wa 1 k. 

Description inadequate 

Uncertain 

134. osiris Wied. 

Syn. of M. vitripennis 

Musca 

135. ovipara Port. (Keilin) 

Syn. of M. autumnal is 
autumn alls 

Eumusca 

736. pampaising Big. 

Syn. of M. domestica 
domestica 

Musca 

137. pattoni Austen 

Valid species 

Musca 

138. pattoni Patt. nec Austen 

Syn. of M. spinosa 

Eumusca 

139. pcllucens Meig. 

Syn. of M. domestica 
domestica 

Musca 

T40. perlata Walk. 

Presumably valid 

Uncertain 

14 r. phasiaeformis Meig. 

Svn. of M. vitripcnnis{ 1 ) 

Musca 

142. pilosa Awati 

Syn. of M. bezzii 

Viviparomusca 

143. planiceps Wied. 

Valid species 

Vi viparomusca 

744. pollinosa Stein 

Syn. of M. planiceps 

Viviparomusca 

145. praecox Walk. 

Syn. of M. conduccns 

Musca 
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Species and subspecies names 

Synonymy 

Subgenus 

146. prashadii Patt. 

Syn. of M. autumnalis 
autumnalis 

Eumusca 

147. primitiva Walk. 

Presumably valid 

Uncertain 

148. prisca Walk. 

Syn. of M. teirae- 
reginae(?) 

Musca 

149. promiscua Awati 

Syn. of M. sorbens sorbeits 

Musca 

J50. promusca Patt. (error) 

Syn. of M. sorbens sorbens 

M usca 

151. pulla Bezzi 

Syn. of M. conducens 

Musca 

152. pulla Patt. nec Bezzi 

Syn. of M. eraggi 

Eumusca 

r53. pumila Macq. 

Syn. of M. sorbens sorbens 

M usca 

154. pungoana Karsch 

Syn. of M, ventrosa 

Musca 

155. pusilla Macq. 

Syn. of M. xanthomelas 

Eumusca 

156. riparia'R.-'D. 

Syn. of M. domestic a 
domestical ?) 

Musca 

157. rivulans R.-D. 

Syn. of M. domcstica 
do?nestica(1) 

Musca 

a58. rivulans R.-D. (Seguy) 

Syn. of M. domesiica 
domcstica(l) 

M usca 

159. ruficornis Walk. 

Presumably valid 

Uncertain 

160. rufijrons Macq. 

Presumably valid 

Uncertain 

161. rufiventris Macq. 

Syn. of M. xanthomelas 

Eumusca 

162. rustica R.-D. 

Syn. of M. autumnalis 
autumnalis 

Eumusca 

163. sanctae-heltmac Macq. 

Syn. of M. domcstica 
vicina (?) 

Musca 

164. scapularis Rond. 

Syn.of M. sorbens sorbens 

Musca 

165. scatophaga Mall. 

Syn. of M. gabonensis 

Eumusca 

166. senegalensis Macq. 

Syn. of M. domcstica 
vicina(?) 

Musca 

167. senior-whitei Patt. 

Valid species 

Eumusca 

(68. scnsijcra Walk. 

j Presumably valid 

Uncertain 

169. sctigcra Awati 

Syn. of M. xanthomelas 

Eumusca 

) 70. shanghaiensis Ouchi 

Presumably valid 

Uncertain 
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Species and subspecies names 

Synonymy 

Subgenus 

171. sorbens Pate, nec Walk. 

Syn. of M. conducens 

Muse a 

172. sorbens alba Mall. 

Valid species and subspecies 

Muse a 

1 73. sorbens sorbens Weid. 

Valid species and subspecies 

Mu sc a 

174. sordidissima Wa) k. 

Syn. of M. sorbens sorbens 

Musca 

175. spectanda Speiser nec Wied. 

Syn. of M. lusoria 

Vivipa rotnusca 

176. spectanda Wied. 

Syn. of M. sorbens sorbens 

Musca 

177. spectanda Curran nec Wied. 

Syn. of M. cuthberlsoni 

Musca 

178. speculifera Bezzi 

Syn. of M. alb'ma albina 

Musca 

179. spinohumera Awati 

Valid species 

Viviparomusca 

jHo. spinosa Awati 

Valid species 

Eumusca 

181. squamala Mall. 

Valid species 

Viviparomusca 

182. stimulans R.-D. 

Syn. of M. tempestiva 

Musca 

183. stomoxidca R.-D. 

Syn. of M. dornestica 
domestical ^?) 

Musca 

j84. sugillatri, rR.-D. 

Syn. of M. vilripennis(l) 

Musca 

18*5- taitensis Macq. 

Presumably valid 

Uncertain 

186. tau Sch. 

Syn. of M. autumnal is 
autumnalis 

Eumusca 

187. tempestatum Bezzi 

Valid species 

Musca 

188. tempestiva Fall. 

Valid species 

Musca 

189. terrae-reginac J.&B. 

Valid species 

Musca 

190. tibiset.a Mall. 

Valid species 

Musca 

] q 1. umbraculata Fabr. 

Syn. of M. domcstica 
dornestica 

Musca 

u)2. vaccina R.-D. 

Syn. of M. domcstica 
domcstica 

Musca 

193. vagatoria R.-D. 

Syn. of M. dornestica 
domestical ,'?) 

Musca 

194. varensis R.-D. 

Presumably valid 

Uncertain 

195. ventrosa Wied. 

Valid species 

Musca 

196. vetustissima Walk. 

Syn. of M. sorbens sorbens 

Musca 

197. vicar la Walk. 

Syn. of M. dornestica 
dornestica 

Musca 
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Species and subspecies names 

Synonymy 

Subgenus 

198. villeneuvi Patt. 

Valid species 

Viviparomusca 

199. vialacea R.-D. 

Presumably valid 

Uncertain 

200. vitripennis Meig. 

| 

Valid species 

Musca 

201. vivipara Ma ]). 

Syn. of M. larvipara 

V'iviparoni usca 

202. xanlhomela Walk. 

Syn. of M. vcnlrosa 

M usca 

1 

203. xanthomclas Wiedl. 

Valid species 

1 

Eumusca 

204. yerburyi Patt. 

Syn. of M. palloni 

Musca 


OTHER FLIES THAT FREQUENT HOUSES 


In North America particularly, the following species besides Musca do- 
mestica are more or less common visitors in houses and outbuildings. It has 
been stated that the common housefly makes up 95 per cent of all flies found 
in houses, but 1 have seen situations, particularly in the North in early summer, 
where the large bluebottle fly constituted about the only noticeable species, 
being sometimes sufficiently numerous to be remarked as a minor nuisance. 

The order of listing is roughly that of their importance as household pests 
in the northern United States. A similar list was published by McDaniel 
(1942). 


Stomoxys calcitrans 
Fannia canicularis 
Fannia scalaris 
Muscina stabulans 
Pollenia rudis 
Scenopinus jenestralis 
Calliphora vomitoria 
Lucilia illustris 
Sarcophaga (several species) 
Piophila casei 

Drosophila (several species) 
Psychoda (several species) 


Biting housefly, dog fly 
Lesser housefly 
Latrine fly 
True stable fly 
Cluster fly 
Window fly 
Large bluebottle fly 
Greenbottle fly 
Flesh flies 
Cheese skipper 
Pomace flies 
Moth flies 


Stomoxys calcitrans (Linn.) (Family Muscidae) 

This is the fly which is so annoying to animals in barnyards and which tends 
to enter houses before a storm. It is a fierce biter, and can be extremely bother- 
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some on porches as well as at picnics and similar gatherings. The larvae 
develop in rotting straw, manger leavings, heaps of lawn cuttings, piled sea¬ 
weed, and similar media. In size and general coloring Stomoxys resembles the 
housefly, but its awllike, piercing proboscis makes it easy to recognize. The 
relation of the third and fourth longitudinal veins to the apex of the wing is 
also distinctive, as shown in Figure 59. 



Figure 59. Wings of flies (oilier than Musca domestied) which frequently enter 
houses. 1: Stomoxys calcitrant. 2: Fcmnia canicularts. 3. Scenopinus jcncstralis. 4: Mu sc in a 
stabulans. 5: Pollenia rudis. 6: Calliphora vomitoria. 


Tannia. canicularts (Linn.) (Family Anthomyiidae) 

This grayish fly is 5 or 6 mm. in length and somewhat more slender than 
the housefly. It is easily distinguished from the latter by the somewhat di¬ 
vergent third and fourth longitudinal veins, both of which terminate pos¬ 
terior to the apex of the wing. The larvae develop in the same types of media 
as are used by the housefly, but are strikingly different, being characterized 
by the presence of many spinelike appendages. In houses the adults tend to 
hover or fly about, rather than settle upon, human food. (See Fig. 59.) 


J 4 6 the housefly 

Fannia scalaris (Fabr.) (Family Anthomyiidae) 

The latrine fly differs very little in general appearance from the lesser house¬ 
fly. The middle tibia, however, possess a distinct tubercle, which F. canicularis 
lacks. Human and animal excrement are especially favored as breeding media. 
The larvae are flattened, like those of canicularis, but bear appendages that 
are quite different. The dorsal processes are scarcely larger than tubercles, 
while the lateral ones are fringed and so present a feathery appearance. 

Muscina stabulans (Fall.) (Family Muscidae) 

The nonbiting stable fly is slightly more robust than the housefly, which it 
resembles in having the four dark, longitudinal lines on the thorax. Both the 
third and fourth longitudinal veins swing forward slightly in approaching 
the apex, but at the same time remain nearly parallel, so that the venation is 
quite distinctive. (See Fig. 59.) The larvae develop in almost as wide a variety 
of organic substances as do those of the housefly. The maggots may be recog¬ 
nized by the character of the posterior spiracles, in which the peritreme is very 
broad and the three slits are relatively short. 

Two closely related species are Muscina assimilis and M. pascuorum, the 
latter but recently introduced into America from Europe. The adults may 
be distinguished by the palpi, which are yellow in stabulans, reddish in pas¬ 
cuorum, and black in assimilis. In pascuorum the legs are entirely black. In 
assimilis the tibiae are mostly black, while in stabulans the tibiae and distal 
portion of the femora are yellow. 

Pollenia rudis (Fabr.) (Family Calliphoridae) 

This species is distinctly larger than the housefly and may be easily recog¬ 
nized by the abundance of yellowish, curly hair among the larger bristles of 
the thorax. These flies tend to congregate in buildings and especially in attics, 
during the first cold days of autumn. They are sometimes so numerous as to 
become a great nuisance. Clusters of them may be found behind picture 
frames, in the corners of ceilings, in closets, and in similar places. Many die as" 
the winter progresses, but others survive until spring. They are sluggish in¬ 
sects, and fly with a buzzing sound. Their dead bodies give off a somewhat 
disagreeable odor. The larvae are parasitic in the bodies of several species of 
earthworms. 

Scenopinus fenestredis (Linn.) (Family Scenopinidae) 

These orthorrhaphous flies are found commonly on windowpanes, especially 
in the very early spring. The adults are black and measure about 6 mm. in 
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length. The abdomen is of nearly the same width throughout, and terminates 
bluntly. In lateral view these flies have a somewhat humpbacked appearance. 
The whitish larvae are nearly three-fourths of an inch long, and very slender. 
They feed as predators upon other insects, chiefly the larvae of cereal moths 
and clothes moths. This is perhaps the only dipterous species common in 
houses which is actually beneficial to man. 

Calliphora vomitoria (Linn.) (Family Calliphoridae) 

This large, handsome fly may reach a length of 12 mm., with a wingspread 
of perhaps 25 mm. The eyes are red, the thorax is dark bluish gray, and the 
abdomen is metallic blue with a whitish pubescence on the anterior portion 
of each segment. No great number are ordinarily found in dwellings at any 
one time. They are much more abundant about slaughterhouses and similar 
places. The larvae develop normally on dead flesh, but the flies will also ovi¬ 
posit on sores and wounds of living animals, including man. Two very similar 
species are frequently confused with vomitoria. These are Calliphora vicina 
R.-D. ( erythrocephala Meig.) and C. livid a Hall (viridcscens R.-D., of 
authors). The last named has three intra-alar bristles on each side, while the 
others each have but two. In vomitoria the beard is reddish; in vicina, black. 
Both vicina and vomitoria are Holarctic in distribution, but livida appears to 
be confined to the New World. 

Lucilia illustris (Meig.) L ' (Family Calliphoridae) 

This common pest is about the size of a housefly, but is easy to recognize 
since both thorax and abdomen are metallic green in color. It enters houses 
usually from the garbage can, where it often congregates in great numbers. 
Females prefer decaying flesh for oviposition, but the species also breeds in 
human excrement, animal manure, and living flesh. Lucilia illustris may be 
distinguished from L. silvarum and L. sericata by the fact that both these have 
three postacrostichal bristles, while illustris has only two. Lucilia silvarum, 
■in turn, has black palpi, while those of sericata are yellow. 

Sarcophaga spp. (Family Sarcophagidae) 

These neat-appearing, grayish flies range from medium to large size. The 
males have a rather tapering abdomen; the females are more robust. The 
dorsal surface of the abdomen often presents a checkerboard pattern of dark 
and light gray, very clean-cut. Their presence in houses is rather accidental. A 

2 This is Lucilia caesar (Linn.) of American authors. The true Lucilia caesar is not a 
new world species. 
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common example is Sarcophaga haemorrhoidalis Fall., which is a wide- 
ranging scavenger. It frequents both carrion and human excrement and has 
been known to cause intestinal myiasis in man. The genus Sarcophaga is very 
large. Differentiation of the species depends chiefly on the distinctive features 
of the male genitalia. (See Aldrich, 1916.) 

Piophila casei (Linn.) (Family Piophilidae) 

This fly will rarely be found in the house unless food materials are kept in 
such a manner as to invite its breeding there. The adults are small and shining 
black. These lay their eggs on cheese, ham, dried beef, or similar material, in 
which the white, cylindrical larvae develop to a length of nearly half an inch. 
When food is abundant they are relatively quiet, but if conditions become un¬ 
favorable, they leap about conspicuously, by bringing the anterior and posterior 
extremities together and suddenly straightening the body. Horizontal leaps 
of ten inches are not uncommon, and have earned for this species the well- 
known designation “cheese skipper.” The family falls in the acalyptrate Myo- 
daria. 


Drosophila spp. (Family Drosophilidae) 

This genus, made famous by genetic studies of Drosophila melanogaster, 
includes a number of species of rather tiny flies that are attracted to overripe 
or rotting fruit, and breed therein. The pomace from cider mills is a favorite 
medium for their development. Certain more common, species have bright 
red eyes and delicate wings. Since they can pass freely through the mesh of 
ordinary window screen, it is important that ripe fruit be exposed about the 
house as little as possible. These diminutive flies will often be found in very 
large numbers in garbage cans with lids so well fitted as to render them “fly- 
proof,” in the ordinary sense of the word. Routine cleaning of cans with soap¬ 
suds, chemicals, or live steam is recommended. The family Drosophilidae is 
classified in the acalyptrate Myodaria. 

Psychoda spp. (Family Psychodidae) 

These are minute flies, with relatively large wings that are usually held 
rooflike over the body when at rest. The wings are covered with hairs, hence 
the common designadon “moth-fly.” Another name occasionally heard is 
“owlet midge.” They frequently occur on windowpanes. Common species 
breed in excrement, decaying vegetables, or polluted water. The subfamily 
Phlebotominae is bloodsucking in habit, and various species of Phlebotomus 
(which is largely a tropical genus) transmit kala azar, Oriental sore, sand-fly 
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fever, espundia, and verruga. All species of Phlebotomus are known as sand 
flies. They breed largely in the crevices of rubble and rock piles. All Psycho- 
didae are rather feeble fliers and move about usually by a series of short, hop¬ 
ping flights. The family falls among the more primitive of the suborder 
Orthorrhapha. 

SPECIAL NOTE ON BLACK FLIES FOUND IN HOUSES 

Simulium salopiense Edwards (Family Simuliidae) 

There is at least one record (Smart, 1942) of this species behaving as a 
swarming housefly, in England. They were observed to gather in large num¬ 
bers at windows and mullions where panes were set. Males outnumbered 
females about fifteen to one. Although most female simuliids are bloodsuck¬ 
ing, these did not attempt to bite. The flies had presumably been trapped by 
the unusual direction of the wind. All seemed intent on finding their way out. 
The Simuliidae are orthorrhaphous Diptera, somewhat more specialized than 
the Psychodidae. 



CHAPTER VI 


Geographical Distribution 


The Lord shall hiss jor the fly that is in the uttermost part of the rivers of Egypt .— 
Isaiah J:i8 

r IE geographical distribution of Musca domestica is usually given as 
world-wide. This statement, of course, requires some qualification, 
chiefly with regard to arctic regions and higher altitudes, where persistent 
cold excludes not only houseflies but practically all other types of poikilo- 
thermic animals. Another reason why we may choose to question its validity 
is that the opinion arose before the genus Musca, in the modern sense, was 
known to contain more than a very few species. Thus it is more than prob¬ 
able that a number of early records of houseflies in regions remote from 
civilization were based on mistaken identity, and actually concerned forms 
related to, but not identical with, domestica. Such mistakes, however, were 
soon rectified in most instances by the more or less prompt arrival of the lat¬ 
ter, a species which has been a most constant companion to man in all his 
wanderings. 

Apropos of the above, the following paragraph from Allee and Schmidt’s 
revision of Hesse’s Ecological Animal Geography seems particularly sig¬ 
nificant: 

There is a whole group of commensals and parasites directly associated with man. 
Among these are the silverfish ( Lepisma ), cockroach (Periplaneta), house cricket 
(Acheta, domestica), bedbug (Cimex lectularius), clothes moth ( Tineola biselliella), 
house fly ( Musca domestica), house mouse (Mus musculus) and house rat ( Rattus 
norvegicus). These forms are dependent upon human culture, and are not to be 
found, for example, in ruins. They have followed man around the earth and become 
cosmopolitan; where man does not live, neither do they. They are accompanied by 
a host of less closely associated forms which vary with climate, vegetation, and 
surrounding animal life. 

In the same vein, Graham-Smith (1914) makes the following arresting 
statement: "Musca domestica is probably the most widely distributed insect 
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to be found; the animal most commonly associated with man, whom it ap¬ 
pears to have followed over the entire earth. It extends from the sub-polar 
regions to the tropics, where it occurs in enormous numbers.” 

We see, therefore, that here is a most adaptable species—adaptable in the 
same sense that the human race is adaptable, and for many of the same rea¬ 
sons. Both are omnivorous in the extreme, being able to survive on food of 
animal origin, of plant origin, or on a combination of the two. Both are prolific, 
and tend to increase in numbers even under relatively adverse conditions. 
Both are given to the exploring habit, and need little encouragement to in¬ 
vade new territory when the opportunity presents itself. For the fly, however, 
new territory holds little that is inviting unless it contains the elements asso¬ 
ciated with human habitation, particularly human habitation in relation to 
animal husbandry. The more intimate the relationship between man and his 
domestic animals, the more favorable the environment for housefly mul¬ 
tiplication. The almost complete replacement of horse-drawn vehicles by 
motor cars in certain urban locations has been more responsible than any 
other factor for the generally fly-free character of such areas. 

But although man may live in such a manner that flies cease to find com¬ 
fort in the relationship, the fact remains that vast numbers of human families 
in various countries of the world still live surrounded by conditions which the 
fly finds most hospitable, and which doubtless will remain so for decades, and 
probably for centuries, to come. When man migrates, without essentially 
altering his habits, he may logically expect his companion of the years to 
appear soon in the new location. 

As an example of flies following men, we may cite Miller’s report (1932) 
on the Muscidae of New Zealand. It appears that Musca domestica reached 
that country sometime prior to 1856, probably by way of Australian cattle 
ships. In the year mentioned, Walker described the New Zealand fly as Musca 
vicaria, a name now listed in synonymy with M. domestica. It seems to have 
been the opinion of the colonists that the rapid increase of the housefly had 
something to do with the abatement of blowflies, which had become great 
pests about human habitations in that part of the world, before Musca do¬ 
mestica put in its appearance. A rather quaint statement from an anonymous 
publication of 1872, entitled New Homes for the Old Country, reads as-fol¬ 
lows: “The little civilized house-fly, has, however, landed, and its refined 
and gentle presence is rapidly driving into the wilds this noisy spoiler of meat.” 
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DISTRIBUTION OF THE GENUS MUSCA 1 

A very different picture is presented when one considers the genus Musca 
as a whole. Of the seventy or more valid forms, a few approach, to a greater 
or lesser extent the adaptability of Musca domestica. Musca autumnalis, for 
example, is common in Oriental, Ethiopian, and Palearctic life zones and 
utilizes a variety of breeding media. Musca sorbens sorbens, a house- 



Figure 60. Zoogeographical regions of the Western Hemisphere, i, Nearcdc; 2, 
Neotropical; 6, Australian (marginal). For detailed explanation see pages 156 and 160. 
(Based on Goode Base Map No. 101HC; copyright 1539 by The University of Chicago; 
used by permission of The University of Chicago Press.) 

1 As in the preceding chapter, certain portions of the data here presented are from the 
manuscript of Dr. E. G. Munroe. 
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frequenting type, is widespread in Ethiopian and Oriental areas, and probably 
in the Australian life zone also. Musca greeni, on the other hand, is known 
only from Malaya, while M. cuthbertsoni is perhaps confined to Rhodesia, as 
is M. gymnosomea to Malta and North Africa. 

In indicating the normal range for each of the several species it is useful 
to have in mind the major subdivisions of the earth’s surface as recognized 
by biologists and geographers. Figures 60 and 61 show the generally accepted 
boundaries of the six principal zoogeographical regions: Nearctic, Neotropi¬ 
cal, Palearctic, Ethiopian, Oriental, and Australian. The descriptions of these 
regions and their subdivisions, which appear on following pages, are essen¬ 
tially the same as given by Smart (1943). 

It should be remembered, of course, that a great variety of habitat exists 
within any given geographical area. Altitude is the most influential factor 
in this connection. Mt. Kenya, for example, which is practically on the 
equator, boasts near its summit environmental conditions somewhat compa¬ 
rable to northern Lapland, near sea level. It is therefore conceivable that a 
species adapted for survival in one of these locations might readily survive in 
the other, if food and other essentials were available. The existence of natural 
barriers, such as oceans, deserts, and prevailing winds, prevents normal mi¬ 
gration between the points in question, but when, by accident or human 
intention, transportation actually occurs, establishment in the new locality may 
not prove difficult. The increasing use of airplanes opens up great possibilities 
for the redistribution of the insect fauna of the world, as the time spent in 
flight is usually too brief to cause the death of the stowaway through denial 
of food and water, while variations in temperature and atmospheric pressure 
which can be tolerated by man will be survived by many species of arthropods. 

Welch (1939) published a considerable list of insect species found on air¬ 
craft at Miami, Florida, during 1938. It is perhaps significant that Musca 
domestica proved to be the most prevalent insect, throughout the year. 

Rainfall is another important factor in establishing essential differences in 
ecology. Desert and jungle may lie in relatively close proximity and may show 
similar average temperatures, but differ greatly in their hospitality toward 
particular species because of relative humidity, presence of vegetation (which 
is the basis of a food supply), and the availability of shade and other forms 
of shelter. Winds are significant also, as the evaporating power of continuing 
wind is probably as great as that of the sun, and can render arid a territory 
that might well be a green belt, if evaporation were less rapid. 

The season of the year obviously affects the degree of influence which any 
of the above-mentioned factors may exercise on breeding activity. In tern- 
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perate regions, for example, continued frozen conditions for a period of time 
may preclude all possibility of species survival. This accounts for the relatively 
small number of species in temperate-zone fauna as compared with the tropics. 
Only those species that have some method of hibernation, or confine their 
activities to man’s domicile, or live as permanent parasites, or operate below 
frost line will escape destruction in the winter season. Forms may thus be 
recorded as having been collected in the region which are, in fact, nothing 
more than seasonal invaders. It should be pointed out, however, that hiberna¬ 
tion in one stage only is sufficient, and that if the pupa, for example, can sur¬ 
vive the winter, the seasonal death of eggs, larvae, and adults in no way de¬ 
tracts from the authenticity of the distributional record. 

Seasons in the tropics vary less in regard to temperature than in regard 
to rainfall and direction of wind. Breeding of tropical forms rarely terminates 
completely as a result of seasonal change. When it does, the insect is said to 
aestivate. With muscoid Diptera, true aestivation is apparently rather rare. 
More common is a mere reduction in the intensity of reproductive activity. 
Breeding goes on, but more slowly, while the death rate remains normal or 
increases. The result is a falling off in population until the species becomes 
scarce and possibly unobtainable. With the return of favorable conditions the 
species reappears, increases in numbers, and may reach a seasonal peak. Two 
such seasonal peaks, associated with optimum moisture conditions, are not 
uncommon in the case of filth-feeding flies. 

Larger subdivisions of the continents, in terms of physical geography, are 
indicated in Figures 62 and 63. A more complete analysis is represented by 
Figures 64 and 65. 

Besides latitude, altitude, and seasonal differences, the “microclimate” is 
important in determining the success of a species in a given region. In an 
earlier publication (1946) I have pointed out the great significance of micro¬ 
climate in determining the abundance of mosquitoes in restricted areas. As 
each species may have particular requirements for immature as well as adult 
stages, a large, mixed fauna usually means that a considerable number of 
essentially different microclimates coexist in the immediate vicinity. Strong 
fliers, such as muscoid flies, are usually less dependent on the microclimate in 
the adult state than are species with a fondness for resting, such as mosquitoes 
and Phlebotominae, but the larval requirements may be very demanding. Hu¬ 
midity, light, temperature, and food materials may be found in favorable 
combination only in the manure of a particular animal, only when that manure 
is deposited in certain situations, only when the manure is of a certain age (or 
freshness), and only in a certain portion of the mass, heap, or pat. 
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Figure 62. Major land forms of Nearctic and Neotropical regions. Topography has 
great influence on temperature, water supply, vegetation, and fauna, including insect 
life. Compare with Figure 64, which shows types of climate for similar areas. (Based 
on Jones and Whittlesey Map No. 7; copyright 1925 by The University of Chicago; used 
by permission of The University of Chicago Press.) 

The Nearctic Region: 

GREENLAND, ALASKA, CANADA, UNITED STATES, NORTHERN MEXICO 
With the exception of one problematical species, there is no reliable evidence 
that the North American continent supports any representatives of the genus 
Musca other than M. domestica. Part IV of Walker’s list (1849) does, indeed, 
record M. corvina Fabr. as occurring in Nova Scotia, but present-day workers 
seem united in considering this species a synonym of Musca domestica do¬ 
mestica Linn. Likewise Musca flavipennis, which was described by Bigot in 
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Figure 6j. Major land forms of Palearctic, Ethiopian, Oriental, and Australian regions. Compare with 
Figure 65, which shows types of climate for similar areas. (Based on Jones and Whittlesey Map No. 7; copy¬ 
right 1925 by The University of Chicago; used by permission of The University of Chicago Press.) 
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Figure 64. Types of climate found in Nearcdc and Neotropical regions. Unnum¬ 
bered areas are largely highlands, which may be quite dissimilar from one another 
climatically. (Based on Jones and Whittlesey Map No. 1; copyright 1925 by The Uni¬ 
versity of Chicago; used by permission of The University of Chicago Press.) 
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Figure 65. Types of climate found in Palearctic, Ethiopian, Oriental, and Australian regions. Numbering 
as in Figure 64. (Based on Jones and Whittlesey Map No. 1: copyright 1925 by The University of Chicago; 
used by permission of The University' of Chicago Press.) 
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the Sahara desert, all other Mediterranean countries, Cape Verde Islands, 
Canaries, and Azores. 

Asiatic— Asiatic republics of the U.S.S.R., Siberia, inland Asiatic states, Sak¬ 
halin. 

Chinese —Japan, Korea, Manchuria, and all of China north of 30°N latitude 
or the vicinity thereof. 

Modern dipterologists recognize sixteen determinable Palearctic forms, in- 
including the two subspecies of domestica. A seventeenth form, M. shang- 
haiensis, described by Ouchi from East China in 1938 is probably valid. In 
addition there are two of Desvoidy’s species, M. violacea and M. varensis, both 
described from France, for which proper taxonomic assignment seems im¬ 
possible. Musca primitiua Walk, also is probably undeterminable. A sum¬ 
mary is given in Table 7. 


The Ethiopian Region 

Still more prolific in species is the African continent. Although the whole 
of the Sahara desert is included in the Palearctic region, the remaining area 
includes a wide variety of ecological conditions. Four more or less specialized 
zoogeographical areas are recognized within the Ethiopian realm: 

Cape —All country south and east of the Kalahari desert, running up through 
and including the Transvaal, Southern Rhodesia, Mozambique, and the south¬ 
ern part of Southwest Africa. 

Malagasy —Madagascar, the Seychelles Islands, Mauritius, Reunion, and other 
lesser islands around them. 

African —The arid and savanna regions of countries inland from the Guinea 
coast, across the Sudan to and including Ethiopia; the Somalilands and south¬ 
ern Arabia. Through East Africa and the Congo, excluding the rain forest 
region of the latter, but including the Great Rift Valley until it meets the 
Cape area, thence to the Atlantic coast, skirting the southern border of the 
West African rain forest area. 

West Africa —The rain forest areas of the Guinea coast, to and including the 
rain forest areas of French Equatorial Africa and the Congo basin. Accord¬ 
ing to Smart, the rain forests of the lower valleys of the Senegal and Gambia 
rivers should be considered isolated patches of this region. 

Table 8 includes a few species more Palearctic than Ethiopian, but which 
are usually treated in keys to the Ethiopian fauna. Thus interpreted, the re- 
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Tabic 7 


Species and subspecies 

Range or type locality 

Miscellaneous remarks 

M. albina albina 

From North and East Africa 
to India and Ceylon 

Favors desert and semi- 
desert; puparium whitish 

M. autumnalis 
auUimnalis 

Europe, including Britain; 
Palestine, Kashmir,Shantung 

Eggs stalked; puparium whit¬ 
ish; adult haemalophagous 

M. connexifrons 

North China 

Deposits larvae in second instar 

M. crassirostns 

Mediterranean, ranging into 
Oriental and Ethiopian regions 

Bloodsucking; deposits large 
eggs, ready for hatching 

M. domestica 
dome st tea 

Practically world-wide; best 
adapted to temperate zone 

Oviparous; house frequenter; 
not bloodsucking 

M. dome Stic a 
■t/icina 

Middle East, tropical Asia and 
Africa, South America, U.S.(?) 

Similar in habit to M. domes- 
tka domestka 

M. gym no some a 

Malta and North Africa 

Habits imperfectly known 

H. hervei 

North China to Burma and 
North India 

Breeds in cow dung; adult 
haematophagous 

M. larvipara 

Palcarctic generally; important 
in Russia 

Bloodsucking; deposits living 
larvae 

M. lucidula 

North Africa 

Habits imperfectly known 

M. mesopotamiensis 

Tigris and Euphrates valleys 

Lays eggs singly in cow dung 

M. nebulo 

Mostly Old World tropics; 

Egypt 

Similar in habit to M, 
domcstica 

M. primtliva 

China 

Taxonomic position uncertain 

M. shanghaiensis 

East China 

Taxonomic position uncertain 

M. sorbens sorbens 

Largely Ethiopian and Ori¬ 
ental; perhaps Australian 

House-frequenting; breeds in 
human and animal excrement 

M. tempestiva 

Mediterranean region to 
Kashmir 

Adult haematophagous 

M. varensis 

France 

Taxonomic position uncertain 

M. ventrosa 

North China; also Ethiopian; 
Oriental region to Australia 

Adult bloodsucking; breeds 
in cow dung, in fields 

M. violacea 

France 

Taxonomic position uncertain 

M. vitripennis 

Europe, Near East, Oriental 
region 

Habits imperfectly known 

M. xanthomelas 

Hainan and Canton, to Egypt 

1 

Deposits stalked eggs; pupa¬ 
rium whitish 
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gion boasts no less than thirty distinct forms, of which all but one (Musca 
perlata Walk.) are recognized by modern workers. 


Table 8 


Species and subspecies 

Range or type locality 

Miscellaneous remarks 

M. albina albina 

From North and East Africa 
to India and Ceylon 

Favors desert and semidesert 
ecology; puparium whitish 

M. albina polila 

Southwest Africa 

Habits imperfectly known 

M. autumnalis 
autumnalis 

Shantung and Kashmir to 
Palestine, Africa, and Britain 

Egg stalked; puparium whit¬ 
ish; adults haematophagous 

M. autumnalis 
pscudocorvina 

Aberdare Range; heath zone 
of Mt. Elgon 

Similar in habit to subspecies 
autumnalis 

M. autumnalis 
snmalorum 

Somaliland 

Similar in habit to subspecies 
autumnalis 

M. autumnalis 
uganiae 

Birunga, Uganda 

Similar in habit to subspecies 
autumnalis 

M. conducens 

Widespread in Oriental and 
Ethiopian regions 

Breeds in cow dung in fields; 
adults haematophagous 

M. crassirostris 

Mediterranean, ranging into 
Oriental and Ethiopian regions 

Bloodsucking; deposits large 
egg, ready for hatching 

M. cuthbertsoni 

Rhodesia 

Uses many breeding media; 
adult omnivorous 

M. domestica 
dome Stic a 

Practically world-wide; best 
adapted to temperate zone 

Oviparous; house frequenter; 
not bloodsucking 

M. dome stic a 
vicina 

Middle East, tropical Asia and 
Africa, South America, U.S.(?) 

Similar in habit to subspecies 
domestica 

M. elation 

Belgian Congo; Mt. Elgon 
(8,000 ft.) 

Habits imperfectly known 

M. jasciata 

East Africa, Mauritius, 

Seychelles Islands 

Haematophagous 

M. gabonensis 

Tropical Africa to Natal 

Haematophagous 

M. intcrrupta dasyops 

Uganda and Kenya (7,500 to 
13,000 ft.) 

Habits imperfectly known 

M. intcrrupta 
intcrrupta 

South Africa 

Habits imperfectly known 

M. lasiopa 

Africa 

Male unknown 

M. lasiophthalma 

South Africa 

Breeds in cow dung and other 
excrement 
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Species and subspecies 

Range or type locality 

Miscellaneous remarks 

M. luc 'tdula 

North Africa 

Habits imperfectly known 

M. lusoria 

Africa 

Deposits second-stage larva in 
cow dung or other excrement 

M. munroi 

Natal 

Habits imperfectly known 

M. natalcnsis 

Natal 

Believed to be bloodsucking 

M. ncbulo (not truly 
Ethiopian?) 

Egypt; Oriental region gen¬ 
erally 

Similar in habit to M. domes* 
tica 

M. perlata 

Natal 

Taxonomic position uncertain 

M. for be ns alba 
(not truly Ethiopian?) 

North Africa 

A desert form 

M. sot bens sorbcns 

Largely Ethiopian and Orien¬ 
tal; perhaps Australian 

House-frequenting; breeds in 
human and animal excrement 

M. tcmpcstatum 

Nordt Africa 

Small species; haematopha- 
gous 

M. temp estiva (not 
truly Ethiopian?) 

Mediterranean region to 

Kashmir 

Adult haematophagous 

M. ventrosa 

North China; also Ethiopian; 
Oriental region to Australia 

Breeds in cow dung, in fields; 
adult is bloodsucking 

M. xanthomelas 

Hainan and Canton to Egypt 

Deposits stalked eggs; pu¬ 
pa rium whitish 


The Oriental Region 

This is the most important zoogeographical region from the standpoint of 
species listed. Although the land masses involved total less than the Ethiopian, 
the number of possibly distinct forms is thirty-six, as compared with thirty 
for the latter. Musca aucta Walk, is probably unrecognizable, as is M. ruffrons 
Macq. Musca fasciata Stein, included here for completeness, is primarily 
Ethiopian. 

Recognized subdivisions of the region are as follows: 

Peninsular —All territory hitherto known as British India south of Deccan 
(Hyderabad), in addition to the Island of Ceylon. 

India —All of India north of the peninsular area, including Bengal but ex¬ 
cluding a narrow strip of semi-Alpine territory in the extreme north. 

Indo-Chinese —Burma, Siam (other than territory on the Malay Peninsula), 
French Indo-China, southern China, Formosa, Hainan, Assam, and a strip 
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of territory consisting of the Alpine and sub-Alpine regions of the southern 
slopes of the Himalaya Mountains. 

Malayan —The Malay Peninsula, Sumatra, Java, Borneo, Philippines, Celebes, 
Timor, and the lesser Sunda Islands east to and including Roma. 

The Oriental species are summarized in Table 9. 

The Australian Region 

Somewhat detached from other zoogeographical realms, the Australian 
tends to have a fauna and flora more or less unique. This is particularly true 
for Australia and Tasmania. Difference of opinion exists, however, as to the 


Table 9 


Species and subspecies 

Range or type locality 

Miscellaneous remarks 

M. albino albina 

From North and East Africa to 
India and Ceylon 

Favors desert and semidesert 
ecology; puparium whitish 

M. aucta 

East Indies 

Taxonomic position uncertain 

M. aultirnnalis 

Shantung and Kashmir to Pal- 

Eggs stalked; puparium whit- 

aiitumnalis 

cstine, Africa, and Britain 

ish; adults haematophagous 

M. ba\cri 

Malaya and Philippine Islands 

Adult bloodsucking 

M. bezzii 

India (above 1,500 feet) 

Deposits second-stage larvae 
in cow dung 

M. conducens 

Widespread in Oriental and 

Breeds in cow dung, in fields; 


Ethiopian regions 

adults haematophagous 

M. craggi 

South India, Malaya, Ceylon 

Adult bloodsucking 

M. crassirostris 

Mediterranean, ranging into 
Oriental and Ethiopian regions 

Bloodsucking; deposits large 
egg, ready for hatching 

M. domestica 

Practically world-wide; best 

Oviparous; house-frequenter; 

domestica 

adapted to temperate zone 

not bloodsucking 

M. domestica vicina 

Middle East, tropical Asia and 
Africa, South America, United 
States(?) 

Similar in habit to subspecies 
domestica 

M. jasciata 

East Africa, Mauritius, 

Seychelles Islands 

Haematophagous 

M. fletcheri 

Assam and western Ghats 

Believed to be bloodsucking 

M. fnrmosana 

South China and Formosa 

Habits imperfectly known 

M. gibsoni 

South India (above 4,000 
feet), Assam, Sikkim 

Lays stalked eggs, singly, in 
patches of cow dung 

M. greeni 

Malaya 

Adult bloodsucking 
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Species and subspecies 

Range or type locality 

Miscellaneous remarks 

M. hervei 

North China to Burma and 
North India 

Breeds in cow dung; adult is 
haematophagous 

M. inferior 

India to Java 

Breeds in cow dung; adult is 
bloodsucking 

M. illingworthi 

Malaya to Philippine Islands 

Adult haematophagous 

M. jacobsoni 

Sumatra 

Habits imperfectly known 

M. kjvcilinensis 
(perhaps Palearctic) 

South China 

Taxonomic position uncertain 

M. luccns 

Ceylon 

j Habits imperfectly known 

M. nebulo 

Egypt; Oriental region 
generally 

Similar in habit to M. dotnes- 
tica 

M. pattoni 

Southern India, generally 

House-frequenting; omnivo¬ 
rous 

A'/, planiceps planiceps 
(another, unnamed 
subspecies occurs in 
Hainan) 

Java, India, Ceylon 

Deposits third-stage larvae on 
cow dung; adult favors cattle 
blood 

M. ruffrons 

Java 

Taxonomic position uncertain 

M. senior-whitei 

From India and Sumatra to 
Philippine Islands 

Believed to be bloodsucking 

M. sorbens sorbens 

Largely Ethiopian and Orien¬ 
tal; perhaps Australian 

House-frequenting; breeds in 
human and animal excrement 

M. spmohumera 

Ganges plain and adjacent re- 
1 gions 

Deposits second-stage larvae 
on cow clung 

M. spinosa 

India, Burma, and Ceylon 

Deposits eggs singly in 
patches of cow dung 

M. squamcita 

Celebes 

Habits imperfectly known 

M. tempestiva 

Mediterranean region to Kash¬ 
mir 

Adult haematophagous 

M. tibiseta 

Sumatra 

Habits imperfectly known 

M. ventrosa 

North China; also Ethiopian; 
Oriental-region to Australia 

Breeds in cow dung, in fields; 
Adult bloodsucking 

M. villcneuvi 

Southern India 

Puparium whitish; found 
near elephant dung 

M. vitripennis 

Europe, Near East, Oriental 
region 

Habits imperfectly known 

M. xanthomclas 

Hainan and Canton, to Egypt 

Deposits stalked eggs; pupar¬ 
ium whitish 




168 


THE HOUSEFLY 





Figure 67. Geographical distribution of the species and subspecies of the genus Musca: Palearctic, Ethiopian, 
Oriental, and Australian regions. Species of restricted range are represented by one number only. In the case of 
widespread forms, the number appears more than once. A list of species, by number, is given on page 170. 
(Based on Goode Base Map No. 101HC; copyright 1939 by The University of Chicago; used by permission of 
The University of Chicago Press.) 
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best location of the boundary line between the Australian and Oriental re¬ 
gions. Essig’s well-known College Entomology, for example, shows this line 
passing to the west of the Celebes and just east of Java. Smart’s interpretation, 
which is more generally used, excludes from the Australian realm not only the 
Celebes but also Roma and Timor. In other words, the boundary is imagined 
as following the Molucca Passage, rather than the Strait of Macassar. On 
the basis of this interpretation, four subdivisions of the Australian region have 
been defined: 

Papuan —All of the island of New Guinea, the Moluccas, Sula, Peling, and the 
Lesser Sunda Islands east of Roma; also the Solomon Islands and the Bismarck 
Archipelago. 

Australian— Australia and Tasmania. 

Pacific —Micronesia, Polynesia, and the Hawaiian Islands. 

New Zealand —New Zealand and all small islands closely adjacent. 

It may be considered that Musca domestica was perhaps absent from most 
of this region prior to European exploration and colonization. At present, how¬ 
ever, it seems proper to list both subspecies as established here. No exhaustive 
study of die genus Musca has been published for the Australian region compa¬ 
rable to Van Emden’s keys to the Ethiopian species. When such a study is 
published, a considerable number of species now considered Oriental will 
doubtless be recorded from the Papuan subregion, at least. In the meantime, 
it seems best to adopt a conservative viewpoint and list in Table io only those 
species of undisputed Australian distribution. 


Table 10 


Species and subspecies 

Range or type locality 

Miscellaneous remarks 

M. domestica 
domestica 

1 Practically world-wide; best 
adapted to temperate zone 

Oviparous; house frequenter; 
not bloodsucking 

M. domestica 
vicina 

Middle East, tropical Asia and 
Africa, South America, U.S.(?) 

Similar in habit to subspecies 
domestica 

M. fergusoni 

Australia; Palm and Magnetic 
Islands 

Adult bloodsucking 

M. hilll 

Australia 

Habits imperfectly known 

M. ruficomis 

Australia 

Taxonomic position uncertain 

M. sorbens sorbens 

Largely Ethiopian and Orien¬ 
tal; perhaps Australian 

House-frequenting; breeds in 
human and animal excrement 

M. terrae-reginae 

Australia 

Habits imperfectly known 



CHAPTER VII 


Food Requirements 


Busy, curious, thirsty fly, 

Drink u/ilh me, and drink as 1 . 

— William Oldys, "On a Fly 
Drinking out of a Cup of Ale" 

M USCA DOMESTIC A is almost omnivorous. The adults delight in spu¬ 
tum, fecal matter, and discharges from wounds and open sores, pre¬ 
ferring such material perhaps to sugar, milk, and other items regarded by 
man as far more wholesome. Yet this preference is by no means sufficiently 
strong to afford us any real protection against fly-borne disease. If the fly were 
purely and simply a fecal feeder, it would not feel the impulse to spend so 
much time exploring the human table. This is just what makes the species so 
dangerous. All day long its restless nature causes it to fly back and forth be¬ 
tween the privy and the kitchen, between a wound that is infected and a fresh 
incision. 

The only limitation regarding the type of material on which the fly may 
feed is that it must be liquid, or at least capable of being rendered so. The 
suitability of water, milk, cold tea, beer, and other beverages is obvious. Solid 
materials, on the other hand, must be prepared for ingestion. For this the fly 
has one master technique that it employs on all occasions. The reserve food 
from the previous meal, which it stores in its well-developed ventral crop, is 
capable of being regurgitated, without apparent effort, at all times. When a fly 
explores a solid or semisolid surface, such as candy, sugar, mashed potatoes, 
or a spot of grease, a drop of vomitus is extruded at the point of interest and 
then sucked up again, a process that requires some time and gives ample op¬ 
portunity for certain substances to pass into solution, if that is possible. Other 
substances, such as starch, are taken up in the form of a suspension that, if 
too heavy to pass easily through the apertures of the fly’s pseudotracheae, is 
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merely thinned down by additional vomitus until it reaches the desired con¬ 
sistency. 

The fly is not very thorough in cleaning up after this procedure, with the 
result that a portion of the vomitus almost always remains to form a vomit 
speck upon the surface explored. Windowpanes, as well as walls, are favorite 
surfaces for exploration, with the result that an almost unbelievable number 
of these telltale smears sometimes adorn an apparently clean surface. Graham- 
Smith (1910) counted 1,102 vomit specks on a pane of glass six inches square. 
It is of interest to note that in the same area only 9 fecal specks appeared, 
indicating that the fly probably distributes infectious organisms far more often 
by its vomitus than by its feces. 

The present chapter deals, however, not with the fly as a distributor of 
microorganisms but with the fly as an animal species, a species with basic bio¬ 
logical needs, the first and most important of which is food. The discussion 
falls naturally into two phases: food for the larva and food for the adult. 
The remaining stages of the life cycle, namely, egg and pupa, of course take 
no food and need not be considered here. Something has already been said 
concerning the feeding habits of adult flies. At the end of the chapter we 
shall pursue somewhat further the question of food in relation to the longevity 
of flies and also in relation to their reproductive capacity. For the present let 
us consider the food habits and requirements of the larvae. 

LARVAL FOOD MATERIALS 

When most writers speak of the “breeding” of the fly, they mean, in reality, 
the activity of the larvae within a medium suitable for larval nourishment. 
Thus Hewitt (1914a) records Musca domestica as “breeding” in horse, cow, 
human, pig, rabbit, chicken, and other manures; in carrion, spoiled meat, offal 
of slaughterhouses, old broth, a boiled egg, rotting fowl feathers; in spent 
hops, decaying grain, cooked peas, boiled rice, barley malt, excreta-soiled 
straw, bread, cake, bread and milk, rotten peaches, plums, cherries, bananas, 
apricots, potatoes, potato peelings, cabbage, carrots, cucumbers, cantaloupe, 
and watermelon. In addition the list includes such miscellaneous items as 
kitchen refuse, fermenting substances, sawdust and excrementous refuse, 
garbage-pile drainage, cesspool material, ensilage, paper and rags soiled with 
excrement, earth containing expectorated material, rubber, and snuff. 

It must be remembered that though larvae have reasonable powers of mi¬ 
gration, this activity is limited for the most part to the stage prior to pupation 
(Barber, 1919; Fay, 1939) and has much more to do with the selection of a 
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site suitable for that phenomenon than with the seeking of materials for 
nourishment. Any discrimination, therefore, which may have been exercised 
in causing the larvae to be where we find them has been exercised by the 
mother fly rather than by her newly hatched offspring. 

The ovipositing female is obviously not as particular as many species of in¬ 
sects, some of which limit their oviposition to a single species of host plant, 
the only species, in certain instances, on which the larvae can survive. That 
the fly is generalized rather than specialized in this respect is easy to see, 
though there must be some common factor, probably chemical in nature, 



Figure 68 . Barnyard manure pile. Such an environment produces many flies. 
This situation was considerably improved by the installation of a track and 
boom, which made possible direct dumping into spreader for prompt removal 
to fields. (Photo by Ruth West.) 


which renders the various breeding media attractive to the gravid female. That 
the fly has preferences is well established. Crumb and Lyon (1917) state that 
the chief incitants to oviposition are the products of fermentation, important 
among which, according to their findings, is carbon dioxide. These authors 
report carbon dioxide as giving an 82.8 per cent higher stimulus to oviposition 
than ammonia, for instance, which is one of the common constituents of fer¬ 
menting stable manure. Later experiments by the same workers (1921) showed 
sodium carbonate to be more attractive than either, which they explain by 
suggesting that the carbonic acid in the sodium carbonate becomes completely 
liberated during the fermentive process and is the substance which actually 
stimulates the flies. They found gravid houseflies completely indifferent to 
grain alcohol, to glycerine, to organic bases, and to lactic acid compounds, 
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and concluded that decaying organic matter is stimulating to oviposition in 
proportion to the amount of carbonic and acetic acids liberated in fermentation. 

This is somewhat at variance, however, with the work of Richardson 
(1916b), who secured positive results only with ammonium hydroxide and 
ammonium carbonate. Of the female flies tested, 90.7 per cent chose the latter. 
Neither water nor carbon dioxide proved attractive to gravid females in these 
experiments. Richardson found that the flies would even deposit eggs on 
acidulated manure if the latter were in close proximity to wet ammonium car¬ 
bonate. The presence of the water in this case is considered to have prevented 
the deposition of ammonium acid carbonate, which is less volatile. Cotton or 
filter paper could also be made suitable for oviposition by treatment with 
water, ammonium carbonate, and either valerianic or butyric acids, both of 
which occur naturally in manures. In the attempt to rationalize such divergent 
findings, Richardson and Richardson (1922) prepared a bran medium that 
volatilized carbon dioxide only. In no case were the flies induced to oviposit. 
On the other hand, a bran that volatilized products of the decomposition of 
ammonium carbonate in aqueous solution attracted the gravid females and 
induced oviposition. Ammonia is obviously of some importance, though these 
authors were able to secure only a partial response by use of pure ammonium 
hydroxide. It should be remembered, of course, that ammonium hydroxide 
differs in several respects from an aqueous solution of ammonium carbonate. 

Whatever the factors that control oviposition, there are a great many sub¬ 
stances and materials which flies will utilize. Saunders (1916a) induced flies 
to lay eggs on a banana, either under loosened skin or in crevices in the pulp. 
Simmons and Dove (1942) found waste celery a great breeding medium for 
both Musca domestica and Stomoxys calcitrant. I can find no record of the 
housefly ovipositing in nature on a medium from which the larvae can derive 
no nourishment, though apparently the maggots sometimes have a difficult 
experience. For instance, Chapman (1944) found a number of larvae of 
M. domestica active in the bedding of an infant. It was assumed that de¬ 
velopment had taken place in the mattress filling, which had been more or less 
saturated with urine at various times. By way of confirmation, Chapman 
induced flies to oviposit on urine-soaked cotton and succeeded in rearing a 
number of undersized adults. It was necessary to add urine from time to time 
or the larvae would have died. In the case of the infested mattress, it may be 
supposed that oviposition took place in the daytime when the bedding was 
thrown back to allow the mattress to dry. The warmth of the infant’s body 
at night doubtless maintained a proper temperature for development. 

f-brinczand Mgkara (1935) found almost any decomposing material capable 
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of supporting larvae, though less suitable media always resulted in a reduction 
in size. Nearly full-sized individuals were reared from tobacco powder, how¬ 
ever. These authors found that the further advanced the fermentation in any 
substance, the longer was the period required for the completion of larval 
development. Thus four or five days sufficed for larval growth in fresh manure, 
but old dung proved so lacking in real food elements that 30 to 60 days were 
required. Overcrowding also resulted in smaller flies. The variation was some¬ 
times remarkable. Large flies emerged from pupae weighing as much as 25 mg. 
At the other extreme, midget flies were reared from pupae less than one-sixth 
of this weight. Such flies, however, were incapable of reproduction. 



Figure 6 g. City garbage and refuse dump, such as can still be found on the outskirts 
of many small American cities and towns. An attendant keeps a slow fire burning which 
consumes the combustible refuse and more or less dries out the rest. Much remains, 
however, as a breeding medium for flies. The rat population of this particular dump is 
enormous. (Photo by Rollin Thoren.) 


Eltringham (1916) observed that spent heaps, especially if removed from 
the vicinity of houses, produced no flies at all. Evidently females do not ovi¬ 
posit in such a medium if a better one can be found close by. 

Mellor (1919) is another worker who observed that cold manure, which has 
.completed its fermentation, is not a suitable medium for houseflies and that 
ovipositing females are rarely attracted to it. He mentions, however, that other 
species of Diptera have been successfully reared therefrom. 

Some rather unusual choices of media might be mentioned. Milliken (1911) 
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recorded houseflies as breeding in alfalfa ensilage in good feeding condition. 
Veitch and Greenwood (1924) found larvae of M. domestica feeding on the 
rotting seeds of Vigna catiang, a leguminose plant, in Fiji. De La Paz (1938b) 
found garbage the principal breeding material in the vicinity of Manila, where 
horse dung, though abundant, was not' used. His interpretation was that the 
horse manure dried out loo quickly in that climate to remain a suitable 
medium. 

In British Guiana, Bodkin (1917) found thousands of larvae of M. domestica 
in decaying masses of lime-peel refuse from the lime factories. This created a 
control problem, as the refuse was used there extensively as a top dressing for 
young lime plants. In India, Cook-Young (1914) reported a serious outbreak 
of flies some ten days after the spring house-cleaning festival. The flies had 
oviposited in the large amount of household rubbish just thrown out. 

That the fly sometimes prefeis media not the best suited for complete 
nourishment of its offspring seems well established. In other words, the fly’s 
instincts are not infallible. Leikina (1942) studied the value of various sub¬ 
strata as media for the development of M. domestica and observed that pig 
dung, human feces, sheep dung, calf dung, cow dung, and horse dung were 
favorable for larval development in the order named. The adults, however, 
were much attracted to horse manure for oviposition under the conditions of 
the experiment. Again, Smirnov (1937) found that M. domestica was never 
attracted to any of the meat baits which he used, but found that the larvae 
could be reared on such medium if transferred thereto. Of course, adults do 
oviposit on flesh under certain circumstances, as recorded by Mazza and Jorg 
(7939), who found carcasses, exposed to air, supporting small numbers of 
M. domestica larvae, along with greater populations of Cochliomyia, Sar- 
cophaga, and Lucilia, in South America. Again, Bevan (1926), working in 
Southern Rhodesia, reared both Musca domestica and M. humilis, as well as 
Chrysomyia and Lucilia, from carcasses in various stages of decomposition. 
James (1928) records M. domestica from carrion. 

The deposition of eggs in living tissue is probably a rare occurrence, and 
usually takes place only when the wound is infected and somewhat malodor¬ 
ous. When it occurs, the larvae in most cases seem quite adaptable and fre¬ 
quently complete their development. Fitch (1918) mentions Musca domestica 
among the larvae occasionally infesting wounds of horses and mules, and 
states that cleansing these wounds with disinfectants did not destroy them. 
Fitch found it necessary to remove the larvae with forceps. 

The presence of M. domestica larvae in the lesions of flyblown sheep is 
certainly irregular, but Hardy records this condition in Australia (1934), point- 
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ing out, however, that the larvae were found in matted lumps of wool, rather 
than in the flesh itself, and that the flies were probably attracted by the feces 
present. 

This interpretation is further emphasized by Mackerras and Fuller (1937), 
who state that the larvae of M. domestica, like those of M. hilli and Peronia 
rostrata, have never been found actually invading the skin. They are found 
rather in the matted, dead, and usually somewhat dry wool that has lifted from 
old “strikes.” 

Knipling and Rainwater (1957) studied 901 batches of larvae taken from 
human and animal wounds and found M. domestica seventh in point of in¬ 
cidence in a list of ten species (or genera) identified. 

Patton and Cookson (1925) record the case of a man over eighty years of 
age who suffered from varicose veins of the feet and legs and also had some 
dermatitis. Maggots of M. domestica were removed in large numbers from the 
leg of the patient; all were small and undeveloped, though some were in the 
third instar. The authors considered the entire batch to have hatched from the 
eggs of a single female that had been attracted to an ulcerous cavity. Finding 
themselves in an unsuitable medium, the larvae had migrated to the surface. 
These larvae had been active in the tissues for weeks, with no inconvenience 
to the patient. 

I have indicated that flies will make a definite choice of materials for ovipo- 
sition when several desirable types of media are available. It is interesting to 
note that in different regions of the world the same species will select different 
breeding media and be quite consistent in doing so. Such behavior requires 
careful checking and experimental investigation, as several factors may be 
involved. First, the species may not actually be the same in two widely sepa¬ 
rated countries, even though the same name has been used for many decades. 
Second, species identification may be correct, but two or more physiologically 
distinct races may be involved. Geographical barriers prevent, or at least have 
prevented, the interbreeding of the two racial populations, and thus the be¬ 
havior characters of each variety tend to become preserved. Behavior differ¬ 
ences will be manifest in such commonplace tropisms as preference for human 
dwellings, oviposition in one type or another of animal manure, and tendency 
to visit carcasses, carrion, or open wounds. The third possibility, and one which 
is probably of paramount importance, lies in the fact that climatic and other 
factors greatly modify the rate and character of fermentation and/or putre¬ 
faction of organic substances. Thus conditions that render decomposing horse 
manure so attractive to ovipositing females in parts of Russia may not be 
duplicated in the Philippines, where garbage seems to be preferred. The mart- 
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ner in which the manure is stored, piled, or spread may be the deciding factor 
in many instances. Isolated droppings rarely remain suitable for long, save in 
a very moist climate. 

It would seem well established that regardless of the suitability of substances 
for larval consumption, gravid flies will oviposit only in response to the pres¬ 
ence of certain attrahents and incitants produced by particular types of organic 
decomposition. That these types are very widespread in nature is attested by 
the fact that such a wide variety of substances is utilized. Nevertheless, there 
are many situations which human judgment might deem suitable but which 
gravid females will ignore. A number of examples will serve to emphasize the 
very widespread diversity of habit in Musca domestica and closely related 
species throughout the world: 

Austin and Mayne (1935) report M. domestica in Nyasaland breeding 
mostly in fermenting vegetable matter and human excrement. In the same 
country, however, M. domestica vicinu and M. ventrosa prefer fowl manure. 
Awati (1920a) states that M. divaricata. an Indian species, always chooses goat 
dung. M. promisetiu will utilize goat dung also, but not if fresh human feces 
are available. M. divaricata is sometimes to be found in stale human feces and 
human feces mixed with other materials (1920c). Patron (1922b) reared Musca 
villeneuvci from elephant dung in southern India, hut reports M. incerta as 
utilizing heaps of undigested vegetable matter in slaughterhouses in Madras. 
Baxter (1940a) found cow dung the principal breeding medium for M. do¬ 
mestica and allied species in Fiji, an observation borne out by Lever (1944), 
who reared M. domestica vicina from both pig and cow dung, 64 per cent of 
his specimens being from the latter. In Mesopotamia Patton (1920a) found 
M. humilis breeding in cow dung and isolated patches of human excreta. M. 
mesopotamiensis has the peculiar habit of laying its eggs singly in patches of 
cow dung in the field. Bodkin (1923) found larvae and pupae of M. domestica 
in large numbers in both mule and cow pens in British Guiana. 

Olson and Dahms (1946) found partly digested sewage sludge an ideal 
environment for the breeding of houseflies. This observation is similar to that 
of Hargreaves (1923), who mentions M. domestica as breeding in enormous 
numbers in the crust of septic tanks in Italy. Strangely enough, tanks containing 
fermenting mixtures of human excrement, animal manure, and other organic 
matter were observed by Illingworth (1926a) to produce very few Musca 
domestica in Yokohama, though M. convexifrons and species of Lucilia and 
Calliphora bred in this material in large numbers. 

Derbeneva-Ukhova (1937) reports three times as many larvae of M. do¬ 
mestica in pig dung as in horse or cow manure or any other kind of refuse. In 
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Archangel (1942), however, he reports houseflies as breeding chiefly in calf 
manure; horse and pig dung were not available. Hafez (1939) states that in 
and about Cairo horse dung is most attractive to M. domestica vicina, with 
donkey dung taking its place in the open country. Cow and buffalo dung are 
rarely used, and camel dung is least attractive. Hill (1921) found M. domestica 
a very versatile breeder in Australia, where the list of environments includes 
the nests of the black-throated grebe, Podiceps novae hollandiae. 

In the Hawaiian Islands Illingworth (1923a) found M. domestica develop- 



Figurc jo. Pollution of streams, an indirect cause of fly production. These fish, killed 
by industrial pollution of the Huron River, constitute an inviting medium for the 
breeding of flies. (Courtesy of Michigan Department of Health.) 


ing in large numbers in fowl manure stored in kerosene tins for use on 
gardens. Chicken manure is only used when moist, as pointed out by C. H. 
Richardson (1915), who studied fly control in New Jersey and reared flies from 
various animal manures. He mentions that cow manure was used only when 
mixed with straw. 

The material with which the manure is combined appears to be of great 
importance in determining its attractiveness to ovipositing flies. Thus Robert¬ 
son (1917), in testing various types of stable litter, reared 244 flies from a quan¬ 
tity of fresh straw litter, 18 from a similar amount of litter containing sawdust 
and shavings in place of straw, and none from a litter in which fresh peat was 
used. 

The peculiar suitability of pig dung for M. domestica has been demonstrated 
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repeatedly and has been emphasized by a number of workers. Rostrup (1922) 
states that pigsties are favorite breeding places in Denmark and that flies 
oviposit on the fresh excreta. Makara (1935) studied the breeding places of 
the housefly in Hungary and found pig dung the preferred breeding medium 
in that country. Kuzina (1938) noted that if all manures were fresh, the flies 
appeared to prefer horse dung; 70.70 per cent of their visits were to that me¬ 
dium, 23.83 P er cent t0 P'o dung, and 5.47 per cent to cow dung. But if the 


Figure yi. Flies breeding in dead fish. A closer view of the carcasses of fish killed by 
pollution of the Huron River. Note maggots climbing up piling, in search of a proper 
place to pupate. (Courtesy of Michigan Department of Health.) 

pig dung was kept covered and allowed to become a little “old,” it was chosen 
in preference to other fresh manures. Several papers by Thomsen (1934, 
1935a, 1936) dealing with fly control in Denmark stress the preference of flies 
for pig manure. Horse, chicken, and rabbit dung are less attractive than pig 
dung in that country, and cow dung least of all. Calf dung is preferred to cow 
dung, the milk in the calves’ diet being a factor here. Normal cow dung is 
so little used for oviposition that the spreading of a layer of cow dung over the 
pig manure has been found an effective method of control. Thomsen and 
Hammer (1936) point out that pig dung retains its suitability as a breeding 
medium much longer than the other manures and that this constitutes a 
serious control problem in Denmark, which in 1934 was estimated to have 
produced no less than 8.4 million tons of pig manure. 
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Some species are much more specialized than M. domestica. In Uganda, 
M. sorbens breeds chiefly in human feces, though Smirnov (1940) reports this 
species breeding both in feces and in pig dung in Tajikistan. According to 
Romanov (1940), both M. larvipara and M. tempestiva breed chiefly if not 
entirely in cow dung, which is also claimed to be the only medium used by 
M. autumnalis (corvina ) in tropical Africa (Roubaud 1911). Musca inferior, 
a bloodsucking species of India, is recorded by Siddons and Roy (1940) as 
breeding in isolated pads of cow dung in the field. 

SPECIAL FOOD REQUIREMENTS OF DIPTEROUS LARVAE 

Are Bacteria Essential ? 

Bogdanow (1906, 1908) studied particularly the flesh fly, Calliphora vomi- 
toria, but he also made observations on the housefly. He found that sterile 
larvae on sterile food never developed normally and concluded that the im¬ 
mature forms require for maturation a definite, rather simple bacterial flora. 
He succeeded in rearing Musca domestica on paste or gelatin, but only if cer¬ 
tain molds or bacteria were also present. Meandme, however, Weinland 
(1907) had demonstrated that meat could be digested by the larvae of Cal¬ 
liphora without the assistance of bacteria. 

Wollman (1911, 192th) was probably the first to succeed in maintaining 
cultures of flies for an indefinite period on media free from microbes. Glaser 
(1924c) also took up the study and brought out the fact that bacteria and 
yeasts do produce essential accessory growth elements wdiich must be present 
for the proper development of the larvae, but that these may be obtained from 
other sources and that the presence of the microorganisms themselves is not 
required. Some years later, in order to test certain theories regarding the origin 
of bacteriophage, Glaser developed his own sterile culture technique and pub¬ 
lished a short paper (1938a) in which are described the sterilization of the 
eggs, the preparation of the breeding receptacle and of the larval medium, and 
the procedure by which the eggs are introduced. 

Anduze (1945), working with Dermatobia, Sarcophaga, and other genera, 
developed four different media for the sterile culture of various dipterous 
larvae. 

Glaser found that the “essential food factors,” normally supplied by the 
microorganisms that so abundantly contaminate the food of larvae under 
natural conditions, could be introduced into a sterile culture medium by the 
addition of dead bacteria or yeasts, of fresh, sterile animal extracts, or of fresh, 
sterile plant juices. Sterilizing the medium at high temperatures destroys these 
essential food elements. 
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Common Properties of Larval Food Materials 

Bodenheimer (1931) states that the actual food of M. domestica larvae is 
virtually unknown. It is quite obvious that certain fermentive processes which 
attract the ovipositing females also contribute to providing food for the larvae, 
but a determination of just which products of decomposition are nourishing 
to the maggots is still to be made. It is conceivable that the requirements may 
be found to differ somewhat in the three larval stages. 

In any event it seems well established that larvae can absorb only liquid 
food. Woilman (1922) calls attention to the fact that solid substances on which 
they are feeding always liquefy rapidly. He considers that the proteolytic 
action of certain bacteria may act in combination with soluble ferments 
secreted by the larvae. In some instances microorganisms may themselves 
serve as food material. Wollman obtained complete development of M. do¬ 
mestica by feeding the maggots on a gelose culture of typhoid bacilli, but re¬ 
marks that the adult flies secured were of less than normal size. One of 
Wollman’s findings is especially significant, namely, that fly larvae can thrive 
on food which has been heated to the point where destruction of vitamins 
renders it quite useless for the nutrition of vertebrates. 

Quantitative Considerations 

As indicated in preceding paragraphs, any deficiency either qualitative or 
quantitative in larval food supply results definitely in fewer adults, smaller 
flies, and/or a decrease in the fertility of those that survive. Kuzina (1936) 
studied mortality percentages in the egg, larval, and pupal stages and con¬ 
cluded that insufficient food for larvae always reduces the weight of the puparia 
and the size and fertility of the resulting flies. To test the effect of overcrowd¬ 
ing, Vladimirova and Smirnov (1938) placed different numbers of newly 
hatched larvae of M. domestica and Phormia groenlandica (terraenoveae ) on 
pieces of liver, each piece weighing five grams. For M. domestica there was no 
evidence of unfavorable results due to competition until the number exceeded 
70. Between 70 and 200 the average pupal weight was noticeably reduced, 
though the total mass of larvae present (biomass) still continued to increase. 
With more than 200 larvae both the average weight and the biomass decreased. 
When this number was doubled or tripled, the mortality became very high. 
With 550 larvae the mortality percentage was 96.2; with 600, 98.1; with 700, 

99- 1 ■ 

With Phormia, the larvae of which are larger, the disastrous effects of com¬ 
petition became evident with much smaller numbers. It was clearly demon- 
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strated that M. doinestica can survive in larger numbers than Phormia when 
conditions are difficult, and that houseflies will develop in small numbers 
under conditions that preclude growth and transformation of P. groenlandica 
altogether. When the two species were tested in direct competition with one 
another, only Musca domestica survived. 



Figure 72. Faulty public-school sewer outlet. Dried sludge is shown in foreground, 
from which open ditch leads to sluggish creek. This condition has since been corrected 
by the installation of a modern sewage treatment plant. Partially digested sewage sludge 
is an ideal medium for the development of housefly maggots. (Courtesy of Michigan 
Department of Health.) 

THE FOOD OF ADULT FLIES 

As with all animals, the food of the adult flies is important in two ways: first, 
to maintain the body processes—that is, to sustain the life of the individual; 
and, secondly, to provide for the maturation of the sex organs and thus make 
possible reproduction of the species. Certain foods that serve adequately the 
former purpose may lack elements essential for the second. Glaser (1923a, 
1924a) studied the physiology of Musca domestica, Stomoxys calcitrans, and 
Lyperosia irritans. For houseflies some form of sugar or assimilable starch 
proved necessary for normal longevity. In addition, a protein ingredient, such 
as might be obtained from bouillon or blood serum, was required for the 
production and deposition of eggs. This might be provided either by proteins 
in solution or by products of protein hydrolysis. Similar findings are reported 
for flesh flies by Dorman, Hale, and Hoskins (1938). These authors found 
carbohydrate essential for the continued life of the adult fly and protein for 
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the growth of the ovaries. Several recognized sources of protein proved in¬ 
adequate for this purpose. For example, casein, sodium or ammonium case¬ 
inate, blood albumin, and a commercial preparation of beef extract failed to 
promote ovarian development. Fish protein proved acceptable. 

Derbeneva-Ukhova (1935a) made a careful study of the development of 
the ovaries of virgin flies (Musca domestica) maintained under constant con¬ 
ditions of temperature and relative humidity. The diet was varied in a number 
of ways. Regardless of this, ovarian development was the same for the first 
day of adult life. This was obviously at the expense of internal resources, as 
starved flies did quite as well as properly nourished females. Beyond the first 
day, the effect of qualitative differences in food was very noticeable. On a diet 



Figure 73. Adaptive expansion of the fly's abdomen, lu-jt: Condition in an unfed 
specimen. Right: Abdomen distended by recent engorgement of liquid food. It will be 
recalled that the expanded portion of the crop lies in die abdomen. Note great expansion 
of conjunctival areas. 

of water and egg albumen no further ovarian development took place and all 
flies were dead by the fourth day. When fed on a 20 per cent solution of sugar 
the flies survived, but the ova did not develop. On a high fat diet, consisting 
of water, butter, and vegetable oil, 86.2 per cent of the flies died in 24 hours, 
and the entire colony succumbed the following day. Death may have been 
due to the tracheae becoming plugged with fat. When carbohydrates were 
added to the albumen, full sexual development was completed by the seventh 
day. This is sqmewhat slower than normal development, as shown by the 
fact that on a diet of milk or other properly balanced food the same was 
achieved in five days, most of the development being completed by the fourth 
day, sometimes the third. 

The above-described experiments support, in general, the findings of 
Kobayashi (1934a), who studied the influence of foods on the fecundity of 
M. domestica and concluded that saccharose or soluble starch is necessary for 
longevity, and protein or peptone for maturation of the ovary. 
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Experimental workers have successfully maintained breeding colonies of 
flies on a relatively simple diet. Grady (1928) fed his adults on milk, bread, 
sugar, and a little yeast. Tischler (1931b) believes that bread soaked in milk 
is entirely adequate. The bread, he states, serves merely as an absorptive 
medium. He does not consider it necessary to add yeast, meat broth, or sugar, 
and believes that essential vitamins are supplied by fermentation of the milk, 
which proceeds rapidly at the temperatures in which flies are usually reared 
(85°-90°F). The frequency with which flies are permitted to feed seems very 
important. Tischler records a very high mortality when he fed less often than 
two or three times a day. 

Water is always necessary. Lodge (1918) found that without it houseflies 
could not live more than 48 hours. For further discussion of the handling 
of flies under laboratory conditions, the reader is referred to Chapter XV. 

In nature, flies seek a wide variety of substances; their instincts thereby in¬ 
sure a complete and balanced food intake. Their preference for the swill barrel 
is one of the annoyances of sanitarians. 1 

Parker (19J4) remarks that beer seems especially attractive to most species 
of fecal-feeding flies, and that this can create a health problem in taverns and 
saloons. Lodge (1916) found that she could make poison baits immediately 
attractive to flies by the addition of beer or stout. Blood is always attractive to 
flies, and technicians working outdoors or in unscreened quarters frequently 
have their blood lilrns ruined by flies feeding on them when the slides are laid 
out to dry. Packchanian (1944) observed that flies infected with the flagellate 
parasite Herpetomonas muscae domesticae frequently passed these in their 
feces while visiting blood films. This can lead to serious errors in diagnosis, as 
inexperienced technicians may easily mistake Herpetomonas for trypano¬ 
somes. 

Malodorous discharges from lesions of animals will attract flies from some 
distance. Morris (1919) in his studies on anthrax observed many flies feeding 
at the open carbuncular swellings of sick animals. He advised against the 
deliberate opening of such swellings as a dangerous and useless practice. 

Flies do not ordinarily feed on plant juices unless these contain substances 
attractive to them in an olfactory way. They would undoubtedly take the 
nectar of many flowers if they were structurally adapted for getting at the 
nectaries. Exposed honey, as everyone knows, comes in for its full share of 
attention. Juices less attractive from a human standpoint are sometimes eagerly 

1 Jackson (1908) records over 1,000,000 bacteria from each fly taken on swill barrels. 
Morrill (1914a) reports an average of 4,000,000. 
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sought out by flies. Leidy (1871), for example, noticed flies sipping diffluent 
matter from the stinkhorn fungus, Phallus ( lthyphallus ) impudicus. 

Casual observers of flies have not always discriminated between activities 
related to feeding and activities related to oviposition. Graham-Smith (1916) 
points out that M. domestica may enter houses immediately after emergence 
and remain there until ready for oviposition, but that no eggs are ever 
deposited on food in kitchens. Dexler (1918), who observed the activities of 
flies in the markets of Vienna, found that though M. domestica and M. 
meridiana will feed on fresh meat, neither has been known to oviposit there. 
Certain species of Calliphora, Fannia, Phormia, Muscina, and Lucilia do, how¬ 
ever, both feed and oviposit in such situations. 

As for the actual ingredients of foods that excite the feeding instinct, we have 
the work of Richardson (1917a), who found glucose, fructose, maltose, and 
starch not very attractive to feeding flies. Lactose and dextrin were more 
stimulating. Sucrose proved to be a very poor attrahent. A 4 per cent solution 
of amylic alcohol was more attractive than the same concentration of ethyl 
alcohol, 4 per cent acetic acid, 10 per cent acetic acid, or 10 per cent amylic. 
Four per cent ethyl alcohol proved superior to 10 per cent, but in the case of 
acetic acid the percentages were reversed. Succinic acid and lactic acid were 
fairly attractive. The flies moved eagerly to the water-soluble portion of gelatin 
derived from wheat flour and were attracted by fat-free caseinogen, but 
showed no inclination to visit butterfat. Richardson found an aqueous prepara¬ 
tion of wheat flour and molasses, plus sodium arsenite and some amylic 
alcohol, to be a very effective poison bait. 

Awati and Swaminath (1920) studied the food habits of two houseflies of 
India, M. divaricata and M. promiscua. Rice, wheat, pulses, egg, meat, and 
fish were allowed to decompose and the chemical changes resulting from 
fermentation or putrefaction were noted at daily intervals. For each food there 
was a period of beginning attraction, followed by a period of maximum ap¬ 
peal. After this there was a noticeable falling off in the ability of the substance 
to attract flies, and a stage was finally reached in which there was no attraction 
whatsoever. These authors recorded that decomposing egg, meat, and fish 
were by far the most attractive foods. Pulses were less often chosen, while rice 
and wheat had very little attraction for the flies if other foods were available. 
They found the relative alkalinity or acidity of the mass to be of little or no 
importance. Awati and Swaminath reasoned that the presence of ammonia, 
hydrogen sulphide, phosphorous compounds, and other substances with 
distinctive odors is necessary before the fly is even stimulated to approach a 
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food, though that food might be entirely satisfactory from a nutritive point of 
view. 


FACULTATIVE BLOODSUCKERS 

Several species of the genus Musca have been referred to as facultative blood¬ 
suckers, in recognition of their appetite for fresh animal blood, even though 
they themselves lack the buccal apparatus necessary to puncture the skin of 



Figure J4. Flies feeding and breeding in neglected refuse dumped along 
highway and in open fields. It is easy to understand the vast fly populations of 
late summer, when such conditions are permitted to exist. (Courtesy of Michi¬ 
gan Department of Health.) 

the vertebrate host. Hammer (1941) places M. autumnalis and M. tempestiva 
in this category. Musca sorbens is another species of similar habit. Lamborn 
(1937) studied this form with reference to its possible role in the transmission 
of leprosy. Although nonbiting, M. sorbens is attracted to the slightest break 
in the surface of the skin, and has been known to feed on the face without its 
presence being noticed. Lamborn goes so far as to suggest that the disappear¬ 
ance of leprosy from Europe may have depended, at least in part, on the control 
of M. autumnalis, brought about by general improvements in sanitary stand¬ 
ards. 

Mercier (1925) makes mention of both M. autumnalis and M. vitripennis 
as among those which, though not true bloodsuckers, feed on exudations from 
the skin. He found that both these species readily ingested blood which ap- 
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peared at the wounds left by true bloodsucking flies. Both are common on 
cattle in Normandy. 

Austen (1910b) and Patton and Cragg (1913a) record M. pattoni as feeding 
on blood that oozes from the bites inflicted on cattle by biting flies. The latter 
authors describe as many as six large M. pattoni assembled around one small 
Philaematomyia insignis, waiting for the true bloodsucker to finish its meal. 
M. gibsoni depends in a similar manner on species of Stomoxys and Bdello- 
larynx. Derbeneva-Ukhova (1942a) speaks of M. larvipara as feeding faculta¬ 
tively on drops of blood from wounds made by Tabanidae. Similar habits are 
recorded for M. fasciata in Southern Rhodesia by Cuthbertson (1934a), who 
found both sexes especially abundant during April and May. These flies fed 
freely on bleeding cuts and sores of cattle, horses, and human beings, and 
actively sought the exudations from bites of tabanids and other bloodsucking 
forms. 

Musca dome Stic a is not too commonly associated with the facultative 
haematophagous types, but being polyphagous, it utilizes this method of feed¬ 
ing when opportunity affords. Aders (1916) found this species and others 
feeding in close association with Stomoxys calcitrans and S. nigra in the 
Zanzibar Protectorate. He states that the secondary feeders usually alight close 
to the bloodsucker and when the latter moves there follows an immediate 
scramble for the droplet which remains. Lever (1934) reports a similar relation 
between M. domestica vicina and Lyperosia exigua, bloodsucking pest of 
cattle in the Solomon Islands. 

The genus Musca also includes a few true bloodsuckers. M. crassirostris, a 
South African species, is a pest of horses on the veldt in March and April. It 
prefers the open country and rarely enters stables to bite the animals, though 
it frequently attacks them in the kraals (Du Toit and Nieschulz, 1933). Musca 
inferior feeds on bovine blood in India. 

The feeding habits of adult muscoid flies of fifteen different species, includ¬ 
ing M. domestica, were studied by Derbeneva-Ukhova (1942b) in connection 
with investigations on ovarian development. Five classes or groups were 
recognized. 

(1) Obligatory coprophagous species. These must obtain all their albumi¬ 
nous nutriment from dung, and cannot (or do not) use protein from other 
sources. By virtue of their habits they are of no medical or veterinary impor¬ 
tance. 

(2) Facultative coprophagous species, which, in addition to animal dung, 
feed also on human feces, kitchen refuse, and foodstuffs. Muscina assimilis 
and species of Fannia fall here. 
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(3) Obligatory blood feeders. These must have animal blood for normal 
development and reproduction. Stomoxys, Lyperosia, and Glossina are typical 
genera. 

(4) Facultative haematophagous species. These seek blood when they can 
obtain it, but can and do make out on other food if circumstances require. 
Musca larvipara, M. autumnalis, and M. tempestiva are of this type. 

(5) Polyphagous types. These feed on a wide variety of food materials and 
are less dependent on particular types of protein than any other group. Musca 
domestica is the classical example, though, as we have seen, it also has specific 
food requirements. Muscina stabulans is usually listed as polyphagous, also. 

The chapter that follows treats of two important environmental factors that 
influence markedly the development and behavior of common flies, namely, 
temperature and relative humidity. 



CHAPTER VIII 


Temperature and Humidity 


To a boiling pot flies come not. — Herbert, Jacula Prudentum 

I N ADDITION to the presence or absence of suitable food materials, there 
are several important environmental factors which strongly influence the 
life processes in all stages of the life cycle and which may accelerate, retard, 
or at times prevent entirely the insect’s growth, transformation, and repro¬ 
duction. 

The temperature, both of the atmosphere in which the fly carries on and of 
the medium in which the larvae develop, is one of the most important. In¬ 
timately involved with temperature is the relative humidity, a factor particu¬ 
larly influential in maintaining the condition of the medium in which the 
larvae grow and develop. Light conditions, the movement of air currents, 
altitude (which introduces changes in barometric pressure), and vibratory dis¬ 
turbances all have a bearing on the biology of the fly and help to form the 
ecological setting in which the species must survive or perish. Again the acidity 
(or alkalinity) of various substances may have a bearing on their attraction for 
ovipositing females. Likewise, the solid, liquid, or gaseous condition of a sub¬ 
stance may not only influence its attractiveness to adult flies but may perhaps 
determine its suitability as larval or adult food. Last, the presence or absence of 
microorganisms, of parasites, and of predators may modify profoundly the 
environmental picture. 

In the present chapter we shall inquire particularly into the influence of 
temperature and humidity on the life processes of the fly, reserving the remain¬ 
ing factors for discussion elsewhere. 

EFFECTS OF TEMPERATURE ON THE EGG STAGE 

The several stages of the life cycle will be discussed in turn. For each stage 
there is a maximum temperature above which development may not proceed, 
a minimum temperature at which activity also ceases, and an optimum tern- 
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perature, usually closer to the maximum than to the minimum, at which 
growth, development, and normal activity proceed most satisfactorily. Lethal 
temperatures, which cause the death of the organism, are encountered above 
the maximum and below the minimum for bodily activity. These are not nec- 
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Figure 75. Effect of temperature on maturation of ova. As the 
temperature rises, the number of days required for the preovjposition 
period declines. This graph was plotted from tire reciprocals of the 
empirical values for the duration of tire period. It is therefore a 
curve of velocity. The threshold of development is considered to be 
in the vicinity of I2.2°C. (From Larsen and Thomsen, 1940.) 

essarily fixed at exact points for any species; the duration of exposure is an 
important factor in determining whether or not a given temperature may 
prove lethal. Individual differences are also encountered among houseflies, as 
with other organisms, and natural selection is continually at work, eliminating 
the poorly adapted and preserving strains capable of tolerating extreme con¬ 
ditions. 
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In nature, optimum conditions are rarely met with for any extended period 
of time. Musca domestica, however, has a very wide range of adaptability and 
tolerates a much greater deviation from its preferred ecology than most species 
of insects. It is this adaptability, of course, which has enabled it to achieve such 
success in utilizing the domestic environment of man. 

Eggs of the housefly cannot, apparently, survive a temperature above 46.1 °C 
(ii5°F). Roubaud (1915a) advocated their destruction by burying fresh 
manure in old heaps so that captive fermentation might raise the temperature 
of the mass above the death point. The actual lethal temperature is probably 
a little lower than this, especially if the exposure to high temperature is long 
sustained. Davidson (1944), for example, found that relatively few eggs 
hatched at 4i.6°C (io6-9°F) and none, in his experiments, at 42.8°C (i09°F). 
The peak temperature he considered to be somewhere in the vicinity of 36°C 
(96.8°F). Davidson also demonstrated that variations in the temperature are 
of great importance in determining the. rate of embryonic development. His 
observations for temperatures ranging from i5.o°C to 40.o°C (59 .o°-io4.o°F) 
are shown in Table 11. 

Tabic 11. Incubation period in hours for eggs of Musca domestica. 


Temp. °C 

Temp. °F 

Hours required before hatch 

15.0 

59.0 

5 M 5 

17.8 

64.0 

33-28 

20.6 

69.1 

23.08 

23.3 

73 -9 

17.16 

26.1 

79.0 

13.50 

28.9 

84.0 

r 0.65 

31-7 

C\ 

CO 

9.00 

34-4 

93.9 

8.14 

37-2 

99.0 

7.63 (optimum) 

40.0 

104.0 

8.05 


These results are in general agreement with those of Melvin (1934), who 
showed that both high and low temperatures tend to prolong the incubation 
period. Melvin found that the eggs of several species, including Musca do¬ 
mestica, will hatch at temperatures as high as io 4°F (40,o°C), but that none 
will hatch at io9°F (42.8°C). 

Lorincz and Makara (1935) found that incubation required seven days at 
temperatures ranging from 8° to io°C (46.4°-50°F). At 20°C (68°F) the 
period dropped to 22 hours, and at 30°C (86°F) to 15 hours. At 40°C (i04°F) 
the eggs hatched 12 hours after oviposition. It will be noted that these figures 
differ considerably from those of Davidson, particularly at the higher tem¬ 
peratures. 




Figure j6. Manure in pasture rarely produces houseflies. Upper: Animals grazing. 
Cow pats are scattered and dry out quickly. Lower: Individual cow pat, dried by sun. 
Photograph shows a few emergence holes, probably made by Scatophagidae. Houseflies 
prefer a medium that remains moist for several days. (Photos by Rollin Thoren.) 

Simmonds (1928), in writing of the housefly in Fiji, mentions that when 
temperatures range between 74° and 86°F (23.3°-30.o°C), hatching of the 
eggs takes place approximately 21 hours after they are laid. 

Fiafez (1941b), working in Egypt, records that the eggs of M. domestica 
vicina require 6 hours for hatching at 35°~38°C (95-roo.4°F), 11 hours at 
25°-30°C (77°-86°F), and 40 hours at io°-i5°C (50°-59°F). 
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In general it may be said that of all the developmental stages, the egg is the 
most sensitive to abnormally high temperatures, the larva next, and the pupal 
stage the least. Such were the findings of Larsen (1943), who also noted that 
death from exposure to heat may sometimes occur long after the exposure 
has taken place. Larsen obtained very similar results for M. domestica, 
Stomoxys calcitrans, Hacmatobia stimulans, and Scatophaga stercoraria. 

At the opposite extreme, we have the observations of Kobayashi (1921) in 
Korea, on the exposure of flies to cold. As with high temperatures, it was the 
egg of M. domestica which proved to be the least resistant stage. Adults were 



Figure 77. Effect of temperature on period required for hatching of eggs. This con¬ 
structed hyperbola shows increase in number of hours at lower temperatures. Special 
plotting at top shows how the hatching percentage is affected by extremes of temperature. 
Below io°C and above 42°C, very few ova survive. The optimum is near i8°C. (From 
Larsen and Thomsen, 1940.) 

most able to survive. Larval and pupal stages fell somewhere in between. In 
a subsequent publication (1940b) the same author gives io°C (5o°F) as the 
temperature at which all eggs (as well as larvae) perished. 1 

From observations such as these it is apparent that the ovum is particularly 
vulnerable to extremes of temperature and that no hibernation or aestivation in 
the egg stage may be expected to occur. 

1 Feldman-Muhsam (1944b), working with M. domestica vicina in Palestine, found 
that though the eggs were very sensitive to prolonged cold, they were more resistant than 
other stages to intense cold for a short period. 
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EFFECTS OF TEMPERATURE ON LARVAE AND PUPAE 

Observations incidental to conventional disposal practices give at least a 
rough idea of the conditions that larvae and pupae may tolerate. Joshi and 
Dnyansager (1945), for example, studied fly breeding in compost trenches in 
India. The trenches, which were twenty feet long, six feet deep, and three feet 
wide, were filled with alternate layers of town waste and night soil. Two 
inches of dirt covered the topmost layer of rubbish. From April to June, in¬ 
clusive, the temperature of the upper layer of rubbish ranged between 6o° and 
65°C (i40 o -i49°F). As this amount of heat is lethal to fly larvae, few maggots 
or pupae could be found. During the rainy season, however, the temperature 
of this layer fell to between 37 0 and 49°C (98.6°-i20°F) and many maggots 
and pupae were observed. During this period there was, of course, a much 
higher relative humidity. This is favorable up to a point, but excessive moisture 
is a real deterrent to transformation. Thus under monsoon conditions many 
pupae perish. Joshi and Dnyansagar found that only 10 to 20 per cent of the 
pupae collected at this time proved viable when transferred to a favorable 
environment. 

It should be remembered, however, that a relatively dry atmosphere is no 
guarantee of successful metamorphosis unless temperature conditions arc also 
favorable. Thus in Australia 32 puparia of Musca vetustissima (1943) were 
observed to yield 30 adults at a temperature of 30°C (86°F), but 120 puparia 
yielded only 101 flies at i8°C (64.4^). Temperature and humidity are in¬ 
extricably involved with one another, and neither can be adequately evaluated 
as an environmental factor without giving due consideration to the other. 

De La Paz (1938c), who advocates a zymothermic method of larval con¬ 
trol, found that all stages of the flies, as well as many of the pathogenic organ¬ 
isms which they carry, could be destroyed by the temperature of his “fermen¬ 
tation chambers,” which ranged from 60° to 7o°C (i40°-i58°F). 

Bridwell (1918) states that in the Hawaiian Islands horse manure alone 
ferments so rapidly that housefly larvae cannot exist in the high temperatures 
produced. Baber (1918), who devised the so-called Baber trap for destroying 
housefly larvae, found that the latter are driven to migrate from manure when 
the temperature of fermentation reaches a certain level. These temperatures 
reach I30°F (54.4°C) and even i6o°F (7i.i°C). 

In this connection it should be pointed out that susceptibility of larvae to 
extremely high temperatures depends, in part, on factors other than the tem¬ 
perature itself. Thus Roubaud (1915b), who also advocated the mSthode 
biothermique for larval control, records that larvae die in three minutes at 
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50°C (i22°F) if protected from the gases of fermentation, but die in one 
minute at 5i°C (123.8°F) if such gases are present. At 6o°C (i40°F) with 
exposure to gases of fermentation, larvae die in four to five seconds. 

Regarding the question of larval survival at low temperatures, there is some 
difference of opinion. Bodenheimer (1931) places the critical cold point for 
larvae of Musca domestica at 5°C (4i°F), but Petrishcheva (1932) found 
that mature larvae of M. domestica might survive 14 days at temperatures 



Figure 7S. Five microclimates in one manure pile. A, superficial zone. This 
is usually too much dried out to support fly maggots. It may also be too cool, 
though in desert areas it can become too hot. B, breeding zone. Moisture is 
available and heat of fermentation is usually not too great to be tolerated. C, 
hot zone. Humidity is ample, but heat of fermentation is usually so great that 
larvae either die or migrate elsewhere. D, cooler zone; maggots sometimes 
present. E, cold zone, in contact with earth. Pupae may be present, but not 
active larvae. 

ranging from —1° to ■—2°C (30.2-28.4^). Even very young larvae with¬ 
stood —-2°C for three and a half hours, but died at any lower temperature. 
In no case would mature larvae pupate at a temperature lower than io°C 
(50°F). The apparent discrepancy between the findings of Bodenheimer and 
those of Petrishcheva may possibly be explained by the assumption that the 
Palestinian race is less adapted genetically to reduced temperatures than that 
found in Samara on the Volga. 

The effect of changing temperatures on larval activity is equally significant. 
I am unable to find precise data for M. domestica, but Miller (1929) studied 
the effect of altered temperature on the larvae of Lucilia sericata and noted 
that below io°C (50°F) locomotor activities are abruptly reduced. There is 
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a slow increase in the rate of motion between io°C (50°F) and 30°C (86°F), 
with a slow decrease again above 42°C (io7.6 0 F). 

Larvae not only display varying degrees of activity with fluctuating tem¬ 
peratures but if given a choice will actively seek conditions suitable for their 
best development. Derbeneva-Ukhova (1940a) observed that outdoor heaps of 
horse manure, when heated by fermentation, frequently harbored larvae of 
M. domcstica within an inch of the surface, if the day was warm, but that on 
cold days they tended to concentrate at a depth of from two to four and a half 
inches, where the temperature ranged from 102.2 0 to ioy.6 0 F (39°-42°C). 
These findings confirm in general the earlier work of the same author (1937), 
who determined that the most desirable temperatures for the larvae lie be¬ 
tween 42 0 and 45°C (107.6°-! i3°F). He found none at a depth of six inches, 
where temperatures ranged from 50° to 63°C (i22°-i45.4°F). At a depth of 
twelve inches, however, where temperatures ranged from 35° to 44°C (95 0 - 
iii.2°F), larvae again were present. Only pupae were found at a depth of two 
feet. One should remember that pupation always takes place aL lower tem¬ 
peratures than those favored by the larvae. Cotterel (1940) never found larvae 
or pupae deeper than three inches from the surface of manure piles in West 
Africa. The temperature at this depth was, he states, somewhat less than 5o°C 
(122 0 F). 

Thomsen and Thomsen (1937) undertook to study the thermotropisms of 
larvae. They did this by means of a long trough, one end of which was heated 
and the other cooled, thereby establishing a temperature gradient. A special 
humidifying device was installed at the heated end to prevent excessive dry¬ 
ness. The trough was then filled with horse dung or other suitable material, 
and the larvae were introduced at various points. Very young larvae of M. 
domcstica sought a temperature between 30° and 37°C (86°-98.6°F). As they 
became older, the larvae migrated to regions of successively lower tempera¬ 
ture until, just prior to pupation, the preferred temperature became I5°C 
(59°F). That the larvae do not absolutely require these particular tempera¬ 
tures at successive stages was demonstrated by the fact that the same experi¬ 
menters successfully maintained a stock colony at a constant temperature of 
25 °C( 77 °F). 

Haematobia stimidans larvae chose temperatures between 19° and 23°C 
(69°-73.4°F), Lyperosia irritans between 27° and 33°C (8o.6°-9i.4°F). The 
latter is a summer breeder, while the former reproduces more effectively in 
the spring and autumn months. 

Puri (1943) states that in general high temperatures are conducive to fly 
production by shortening the developmental period of the larvae, by hastening 
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sexual maturity, and by stimulating mating and oviposition. The general truth 
of this cannot be challenged; however, the highest temperatures arc not al¬ 
ways associated with the largest numbers of flies. Bodcnheimer (1931) noted 
a decrease in fly population during midsummer in Palestine, due, apparently, 
to the fact that the surface layers of manure piles frequently became heated 
above the maximum temperature which the larvae could tolerate. This, he 
states, is about 6o°C (140°?). Such conditions sometimes prevail to a depth 
of as much as eight inches. 

Some workers place the critical high temperature much lower than this. 
Thus Cotterel (1940) states that flies cannot develop in manure with a tem¬ 
perature of ii4.8°F (46°C), while Elton (1927) quotes Austen (1926) to the 
effect that larvae of M. domestica will die at temperatures of io 5°F (40.6°C) 
or over. This would appear to be questionable, as Flase (1935), who cultured 
Musca domestica as well as species of Fannia and Drosophila, observed the 
larvae to be very flourishing in media that had attained a temperature of 42°C 
(107.6°F). This temperature exceeded that of the surrounding air by i 8.5°C 
(33-3°F) and may be supposed to have been largely produced by fermenta¬ 
tion, though the presence of the larvae themselves doubtless contributed in 
part to the generation of heat. 

Ecological relations are somewhat different in the case of blowflies, but it 
is interesting to note, in this connection, that very striking increases in tem¬ 
perature. may sometimes be achieved by the activities of larvae in decomposing 
animal tissue. Deonier, for example, who published his observations in 1940, 
noticed that in the American southwest, flyblown carcasses, at least at certain 
points, were sometimes as much as 70°F higher in temperature than 

the surrounding air. Masses of larvae were found active at points 50°F 
(27-8°C) above atmospheric temperature. A little of this was undoubtedly 
due to sunshine, but Deonier considers the phenomenon traceahle largely to 
the heat generated by the larvae themselves. Such adaptation enables the mag¬ 
gots to continue active under winter conditions, when the weather is usually 
quite unsuitable for normal activity on the part of the adults. 

INFLUENCE OF TEMPERATURE ON DURATION 
OF IMMATURE STAGES 

For complete development from egg to adult fly, great variations are pos¬ 
sible. Kvasnikova (1931) records that development may be completed in 13 
days when the temperature is 23°-24°C (73.4°-75.2°F). Dropping the tem¬ 
perature to 20°C (68°F) increased the developmental period to somewhere 
between 20 and 31 days. This author states that when prevailing temperatures 
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reached io°-i2°C (50°-53.6°F), adult flies disappeared entirely from the 
fauna. 



Figure yij. Relation of temperature to duration of pupal state. As 
the temperature declines, the number of days required for trans¬ 
formation is increased. The curve shown above is a constructed 
hyperbola. (From Larsen and Thomsen, 1940.) 

Kramer (1915), who made a careful attempt to eliminate all factors except 
the temperature, was able to show, with light and humidity constant, that 
development required only half as long at 30°C (86°F) as at 20°C (68°F). 
Elevation to 35°C (95°F) shortened the period still more. 

Kobayashi (1940b) found that oviposition and larval development occurred 
in Japan at temperatures down to i5°-i6°C (59°-6o.8°F). The same author 
(1935,) working in Korea, showed that total development could take place in 
as brief a time as 6 days with the temperature at 28°C (82.4°F), but that this 
was extended to 41 days when temperatures ranged between I3°C (55.4^) 
and I9°C (62.2°F). Optimum conditions existed between 25°C (77°F) and 
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30°C (86°F), at which level development normally required from 7 to 12 
days. 

In Bermuda (Allnutt, 1926), with a prevailing temperature of 90°F 
(32.2°C) and a relative humidity of 90 to 100 per cent, flies emerge with rea¬ 
sonable consistency 12 days after the eggs are laid. Bodenheimer (r93r) gives 
10 days as the normal time required for the completion of the life cycle under 
midsummer conditions in Palestine. Controlled experiments by Petrishcheva 
(1932) in Russia show the accelerating effect of increased temperature. In a 
rearing chamber maintained thermostatically at 95°F (35°C) development 
was completed in from 6 to 8 days. This fell to 5 at temperatures between 
100.4° and i04°F (38 o -40°C). 

A government notice from British Guiana (1916) states that larvae of Musca 
domestica require 6 days for completion of development at 84.6°F (29-2°C) 
in that country, and 4 at 90°-98°F (32.2°-36.7°C). This last was considered 
the most favorable temperature range for the larvae by these workers. The 
same paper states that incubation of the egg of M. domestica required 13 hours 
at a temperature of 78.8°F (26°C). 

Mention has already been made of the fact that larvae about to pupate 
usually seek a site for transformation where the temperature is somewhat Jess 
than that utilized for larval growth and development. Not only is a lower 
temperature more suitable for this stage of the life cycle, but pupae actually 
appear to tolerate lower temperature extremes than larvae without suffering 
an arrest of development. Kobayashi (1921) observed that pupae survived and 
gave rise to flies in rooms too cold for larval activity. Dove (1916) records that 
during a twelve-hour period 85 flies emerged from puparia exposed to a maxi¬ 
mum of 55°F (i2.8°C) and a minimum of 43°F (6.1 °C). These were the 
actual temperatures of the media, which consisted of cow manure with some 
straw. Derbeneva-Ukhova (1935b) reports flies emerging in Moscow down to 
5i.62°F (io-9°C) . When the average temperature reached this point, however, 
emergence ceased. It is specifically stated in this report that the relative hu¬ 
midity was approximately 78 per cent. 

Among the many investigations carried out to throw light on the relation of 
temperatures to development, those of Derbeneva-Ukhova (i94ob,c) are espe¬ 
cially illuminating. Newly hatched maggots of Musca domestica were placed 
in tumblers on fresh dung, which was renewed daily. The relative humidity 
was kept between 70 and 80 per cent. At 43 0 C (109.4 0 F), in either pig or horse 
dung, larval development required approximately 5 days. In horse dung, at 
36°C (97-8°F) the average was 4. In pig dung, 34°C (93.2°F) larval de¬ 
velopment averaged only 3.1 days, with a minimum of 2.5. At still lower 
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temperatures the time was again increased, becoming 7.5 days in pig dung and 
6.5 days in horse dung at 25°C (77°F). The differential effect of the two types 
of media is very interesting. Except at extremes of high and low temperature, 
development in pig dung was always quicker than in horse or cow manure, 
and larvae reared on pig dung attained greater size. Derbeneva-Ukhova con¬ 
siders this to be due to the more favorable humidity of pig dung, which left 
to itself tends to be intermediate between that of the other two. 2 



Figure 80. Effect of temperature on total time required for preimagiual development. 
Abscissa represents duration of development in days. Empirical’ plottings are approxi¬ 
mated by curve E. It will be noted that the catenary curve, C, tends to follow the em¬ 
pirical most closely at higher temperatures, while the hyperbola, H, runs closer in the 
intermediate range. (Adapted from Larsen and Thomsen, 1940.) 

Second-instar larvae were observed to be active between io° and q2°C (50°- 
107.6 o F). The optimum was 35°C (95°F). Tolerance was greater in the case 
of third-instar maggots; the range of activity for them extended between 8° 
and 45°C (46.4°-ii3°F). Optimum for third-instar larvae was 36°C (97.8°F). 
However, when fully grown and about to pupate, the larvae were most active 
at 29°C (84.2°F) and the range of their activity fell to between 5°C and 
43°C (4i°-io9.4°F). This, of course, is in accordance with the well-known 

2 Hafez (t94tb) found that, under identical conditions, larvae of M. domestica vicina 
completed their development in pig and horse manure in 8 days, in sheep dung within 
xo days, in human excrement in r4, and in kitchen refuse in 20. He also states that pig 
dung (in Egypt) retained its suitability as a breeding medium much longer than cow, 
horse, or donkey dung. 
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tendency of mature larvae to migrate to a cooler environment for pupation. 
It was found that larvae in this condition endeavored to leave the breeding 
medium at 36°C or above. All that were transferred to a temperature of 25°C 
(77°F) pupated and gave rise to normal flies. Those allowed to remain at tem¬ 
peratures ranging from 36° to 43°C (97.8°-i09.4°F) suffered mortality in 
direct proportion to the temperature. 

It was noticed that the activity of both second- and third-instar larvae de¬ 
creased markedly at temperatures above the optimum. This was more pro¬ 
nounced for the second instar than for the third. 

Temperatures that proved too high for larval development in the laboratory 
are apparently sometimes tolerated in nature, especially if the maggots have 
an opportunity to adapt themselves somewhat gradually. This opportunity 
frequently exists, as manure piles that may have a temperature below 35°C 
(95 °F) at the time the eggs are laid can, through fermentation, become heated 
to around 40° or even 45°C (i04°-ii3°F), at least near the surface, by the 
time the larvae reach the third instar. Experiments were performed in which 
the eggs were first placed in situations with temperatures ranging from 32° 
to 33°C (89.6°-9r.4°F). The temperature was then increased gradually dur¬ 
ing the course of development, so that the third-stage larvae were exposed to 
temperatures ranging from 44 0 to 48°C (ni.2°-n8.4°F). When tested, these 
larvae showed a temperature range for activity extending from 12 0 to 48°C 
(53.6°-n8.4°F), with the optimum at 4i°C (i04.9°F). Larvae of the same 
degree of development which had been reared at 25°C (77°F) showed a range 
of activity from 8° to 45°C (46.4°-ii3°F). Their optimum was 36°C 
(96.8°F). Mortality tests showed that fatal temperatures varied directly with 
those at which the larvae had been kept. Even the most heat-tolerant, however, 
died at 5i°C (123.8°F). 

Special interest attaches to the so-called Levant housefly, Musca domestica 
vicina, the domestic fly of Egypt and of Palestine. Hafez (1941b) made exten¬ 
sive studies of this species in the vicinity of Cairo, where it occurs throughout 
the year, being notably abundant in the spring months and again in Septem¬ 
ber. Favorable atmospheric temperatures for this fly range from 28° to 35°C 
(82.4°-95°F). The higher temperatures of summer prevent oviposition and 
development. In the winter breeding is confined to stables and similar situa¬ 
tions. Hafez found that the three larval stages lasted about 15 hours, 20 hours, 
and 2 days, respectively, at approximately 30°C (86°F). Under the same con¬ 
ditions pupal transformation required 3 days. With the temperature ranging 
from 20°-26°C (68°-78.8°F), the figures became 20 hours, 30 hours, and 3 
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days, with the pupal stage lasting 4 days. Under controlled conditions, develop¬ 
ment was completed in 5 days and 6 hours at 38°C (ioo.4°F), whereas at 
i3°C (55-4°F) 19 days and 8 hours were required. At 40°C (i04°F) larval 
mortality was very high. 

Feldman-Muhsam (1944b) studied the same species in Palestine. He 
brought out the interesting fact that though the sexes emerged in equal num¬ 
bers in the laboratory, in nature females predominated during the winter 
months, males during the summer. Possibly related to this is the prevailing 
temperature of the dung in which pupation occurs. This ranges from 21° 
to 50°C (69.8°-i22°F) in summer, but in winter becomes io°-23°C (50 0 - 
73-4°F). It may be that these temperatures are selective for survival of the 
sexes. In reporting on larval development Feldman-Muhsam makes use of 
Blunck’s improved rule of temperature sums, namely, that the “effective” 
temperature (in degrees) multiplied by the duration of development (in 
days) is a constant, within the limits of a certain biological temperature 
range. The “effective” temperature is the difference between average prevail¬ 
ing temperatures and that low temperature which represents the threshold 
of development. Thus the thermal constant for the egg stage proved to be 7.4 
hour-degrees C (13.32 hour-degrees F). The constant for the larval period 
was 132 day-degrees C (237.6 day-degrees F), for the pupal period 87 day- 
degrees C (156.6 day-degrees F), and for preovipositional development of the 
ova 45 day-degrees C (81 day-degrees F). The threshold temperatures were 
found to be i2.6°C (54-68°F) for the egg, 8 D C (46.4°F) for the larvae, n.3°C 
(52-34°F) for the pupae, and I4°C (57.2°F) for preoviposition stages. 

The thermal constant of total development, if such an expression is de¬ 
sired, may be obtained by adding the thermal constants for the different stages, 
determined experimentally. Such a procedure was utilized by Zwolfer (1934) 
in his studies of forest insects. 

There is often an appreciable difference in reaction to temperature on the 
part of the various species within a genus. For example, Romanov (1940) 
observed that whereas Musca larvipara completed its development in cow 
dung within two days at temperatures ranging from 18° to 46.5°C (64 0 - 
it57°F), Musca tempestiva required from two and a half to three days 
under the same conditions. 

USE OF MATHEMATICAL SYMBOLS 

It seems impossible, at the present time, to reduce to. mathematical cer¬ 
tainty the relationships between fluctuating temperatures, humidities, and 



TEMPERATURE AND HUMIDITY 205 

the time required for the completion of the various stages of development. A 
number of workers have, however, used mathematical devices to express re¬ 
lationships more definitely than can be accomplished by mere tabulation of 
data. As yet the majority of medical and entomological workers are not suf¬ 
ficiently trained in higher mathematics to make ready use of this type of re¬ 
port, but as techniques are improved and more exact data becomes available 
in greater amount, the increased use of mathematical formulas to symbolize 
the effects of environmental factors on duration of development seems in¬ 
evitable. 

A few examples of the use of mathematics in the study of housefly biology 
are given below. 

Kobayashi and Mizushima (1937) 3 studied the relation between laboratory 
temperatures and the development of flies from oviposition to adult emer¬ 
gence. These authors reared 1,533 individuals of M. domestica. It was found 
that a hyperbola of the formula y- a -r- (x — a) b expressed temperature 
relationships very well. In the above equation, y = the length of development 
in days; x, the mean laboratory temperature; and a, the threshold tempera¬ 
ture. The symbols a and b stand, respectively, for 126.795 an d 0.96921, con¬ 
stants that these authors worked out for Musca domestica. Such constants 
differ for each species studied. By threshold temperature is meant that tempera¬ 
ture below which development may not, theoretically at least, take place. 
It is not a biologically well-defined temperature point but is very useful in 
comparing one species with another. Equivalent terms are “critical lower 
temperature point” and “developmental zero.” 

One of the most important papers in recent years is that by Larsen and 
Thomsen (1940). These authors question the reliability of Kobayashi’s data 
chiefly because of the temperature fluctuations in the larval medium that he 
used (“pressed draff of bean-curds”). This material ferments actively and on 
warm days may rise 3°-7°C (5.4°-i2.6°F) above the temperature of the 
surrounding air. Since the mean “experimental temperature” of Kobayashi 
and Mizushima was calculated for each experiment by means of the average 
daily temperatures, it would appear that their figures, especially at high tem¬ 
peratures, probably deviated considerably from those at which the larvae 
actually developed. 

Larsen and Thomsen review the work of Kramer (1915), Hutchison (1916), 
Peairs (1927), Melvin (1934), Fiisthy (1937), Bodenheimer (1924) and Cousin 
(1932). In their own studies they made use of electric incubators and a 

3 This report is a more detailed account of preliminary observations published by 
Kobayashi in 1935. 
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constant-temperature room, by means of which a fairly accurate record of 
actual developmental temperatures was obtained. Other special techniques 
are discussed in Chapter XV. These authors plotted their results (Fig. 80) 
against constructed hyperbolas and catenary curves. The formula for the 
equilateral hyperbola differs but slightly from that of Kobayashi and Mizu- 
shima: 


const. 



In this expression t = duration of development 
T = registered temperature 
c — threshold of development 
constant = temperature sum or “thermal constant.” 

For substitution values Larsen and Thomsen tried several points, finally fix¬ 
ing on 2i.5°C (7 o. 7°F), with development in 15.67 days, and 30.3°C (86.5°F), 
with development in 8.04 days. Substituting in the formula t (T — c) = t x 
(Tj — c) = const., c is found to be i2.2°C (53.96^). This value may then 
be substituted in either equation, giving a thermal constant of 145.5, which is 
thus seen to be the product of the duration in development and the effective 
temperature. This particular constant is given in “day degrees.” Thermal con¬ 
stants may of course be given in “hour degrees,” “minute degrees,” or in any 
unit of time. 

The formula for the symmetrical catenary curve is that of Janisch and 
others (1928, 1933). 



In this expression y — the time 

m — shortest duration of development 
w = optimum temperature 
x = registered temperature 
a — a constant 

The values used were as follows: 

_6.92 (1.133 s8,2 ~“ ! “I - i ' i 33~ 88 ’ 2+ *) 

^ 2 

This is based on the duration of development at optimum temperature (6.92 
days at 33-2°C = 91.76°?). 

The hyperbola gives a lower threshold of development than other types of 
curves, and the required calculations are far simpler for the hyperbola than 
for the catenary. 

It is doubtful if either type of curve can be used to symbolize accurately the 
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effect of temperature on development at all levels. It will be noted (Fig. 80) 
that the plottings for the total preimaginal development tend to follow the 
catenary curve for the higher temperatures, and tend again in the same direc¬ 
tion for the lower temperature readings, at which development is naturally 
prolonged. The empirical curve agrees well with the hyperbola, however, 
over a fairly long stretch. The work of Peairs (1927) does not show the same 
deviations as that of Larsen and Thomsen, but he used beef as food for the 
larvae, whereas they used manure, and it may well be that poisonous gases 
from the beef slowed down development at higher temperatures. Cousin 
(1932), who worked on Lucilia sericata, obtained results closely in accord 
with those of Larsen and Thomsen in many respects. The findings of Boden- 
heimer (1924, 1931), which were really in the nature of pioneer work, deviate 
rather widely from the more exact incubator experiments of later investiga¬ 
tors, but this is not surprising considering the conditions under which he 
worked. 

A truly symbolic curve could be exceedingly useful, as it would permit the 
prediction of developmental cycles, as Bodenheimer (1925) attempted. He 
considered that the time of development, in relation to the surrounding tem¬ 
perature, forms an exact equilateral hyperbola. Assuming this, if the duration 
of development is known for but two points of temperature, the entire hyper¬ 
bola may be constructed. 

SPECIAL REMARKS ON HUMIDITY AS AN 
ENVIRONMENTAL FACTOR 

We have little but general data concerning the effects of humidity alone on 
housefly development. Certain observations, however, are sufficiently interest¬ 
ing to deserve mention. Feldman-Muhsam (1944a), who studied M. domestica 
vicina in Palestine, noted that in that country the cow manure dried very 
quickly, forming a crust. Both larvae and pupae could be found beneath, 
usually about four inches below the surface. This drying of the surface of 
the manure pile obviously inhibits the prepupal migration, and is believed to 
delay and possibly prevent development in many cases. The same author 
(1944b) points out, however, that in winter conditions are very different. Many 
larvae and pupae then die because of excessive humidity. The same factor is 
believed to inhibit oviposition. It should be remembered that winter in Pales¬ 
tine is rarely cold enough to cause the death of adults or to interfere with 
the development of the immature stages. 

fay (i 939 )> who worked on methods of controlling larvae in Illinois, found 
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that though a temperature of I20°F (48.9^) was always lethal to the mag¬ 
gots, the latter could develop at ijo°-ii6°F (43.3°-46.7°C) if the medium re¬ 
mained moist. Like other workers, Fay found that larvae survived only in the 
outer four inches of manure piles, due Lo the internal heat. This is greater in 
heavier manures than in light. 

Hutchison (1914) showed that the presence or absence of moisture greatly 
influenced the behavior of larvae about to pupate. He found that 98-99 per 
cent of the third-stage larvae could be made to leave the manure if the latter 
was kept moist, but that only 70 per cent migrated when the manure was 
more or less dry. 

An excessive amount of moisture may be fatal to the larvae in any stage. 
Derbeneva-Ukhova (1943) found that only 60 per cent survived when the 
moisture content of the soil was 10 per cent. 

Copcman (1916) pointed out that though it5°F (46.1 °C) was lethal for 
all fly larvae which he observed (regardless of the amount of moisture pres¬ 
ent), the time required to accomplish death was much less with wet heal 
than with dry. 

Bruce (1939) performed experiments with the pupae of Lyperosia irritans, 
Cochliomyia hominivorax, and Musca domestica, including 1,600 specimens 
of the last. Maintaining a constant temperature of 8o°F (26.7°C), Bruce 
placed the puparia in jars of fine sand in which the water content ranged 
from 0 to 17 per cent. Adults emerged from sand with a water content up to 
14 per cent, but rarely from anything higher. The upper limit was around 
16.1 per cent. Lyperosia, which did best with a water content of around 7 
per cent, failed entirely to survive at a percentage less than 0.25. 

EFFECTS OF TEMPERATURE AND HUMIDITY ON THE 
ACTIVITY OF ADULT FLIES 

The work of Dakshinamurty (1948), in which Musca domestica was ex¬ 
posed to four different combinations of temperature and humidity, shows 
that adult flies tend to be most active when temperature is high and humidity 
low. They remain reasonably active at tolerably low temperatures, regardless 
of humidity, but tend to become extremely sluggish when both readings are 
high. These findings tend to bear out the impressions of most casual observers 
under natural conditions. 

Nieschulz (1935) studied the behavior of both M. domestica and Fannia 
canicularis when exposed to controlled temperatures. He found that activity 
for M. domestica began at an average temperature of 6.7°C (44°F). The op- 
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timum temperature was not quite the same for the two sexes, being 33.1 °C 
(9i.6°F) on the average for females and 34-2°C (93.6°?) for the males. When 
the temperature was raised to 44-6°C (ii2.2°F), symptoms of heat paralysis 
became evident; complete cessation of movement was obtained, on the average, 
at 46-5°C (115.7^). Fannia was affected by lower average temperatures all 
the way through. For that species, activity began at 4.2°C (40.i°F). Heat 
paralysis began at 39.1 °C (i02.3°F) and was complete at 40.9°C (105.5^). 
The optimum temperature for both sexes was 23.7°C (74.6°F). After com¬ 
paring these results with previous work done on Stomoxys calcitrant (1933b, 
1934), Nieschulz came to the conclusion that each species has its own optimum 
temperature and range of normal activity. 

In conducting these experiments Nieschulz placed the flies in test tubes, in 
a water bath. The temperature was raised i°C (i.8°F) every three minutes. 
He states (for Stomoxys) that results are not affected by age, sex, humidity, 
amount of food taken, or degree of maturation of the eggs in the body of 
the female. 

Another piece of apparatus used by Nieschulz (1933b) is worthy of mention. 
This consisted of a long metal tank, one end of which was inserted in a 
chamber with a constant temperature of 50°C. The other end was inserted 
in an icebox. After a few hours’ operation, the tank reached a condition that 
might be termed thermal equilibrium, each point remaining constant. The 
flies were liberated into the tank and their behavior was observed through 
glass. Stomoxys, for example, came to rest within a half hour and thereafter 
remained between 27°C and 32°C. It will be recalled that Thomsen and 
Thomsen (1937) used a similar device for the study of larval tropisms. 

Nieschulz and Du Toit (1933) also made comparative studies of Stomoxys 
calcitrant, Musca vicina, and M. crassirostris in South Africa. For M. (do - 
mestica) vicina, heat paralysis did not begin until the temperature reached 
45.4°C (ji 3.72°F). It was complete at the same point as for the European 
housefly (46.5°C). For Musca (Philaematomyia ) crassirostris, the lowest tem¬ 
peratures at which movement was noted averaged io.4°C (50.72^); heat 
paralysis began at 44-9°C (ii2.82°F) and was complete at 46-3°C (ii5.34°F). 

Temperatures that permit the general activity of flies result of course in 
reproduction and increase in fly population. Thus Katagai (1935), working 
in Formosa, reported flies scarce from January to April, with a sudden in¬ 
crease in May, a decrease in June, and a second peak in September. These 
peaks were invariably associated with temperatures above 77°F (25°C). Kata¬ 
gai noted a regular irregularity in sex ratios. Females were in the ascendancy 
between November and April, but males predominated during the remain- 
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ing months of the year. This would seem to be due in part to the greater 
ability of the females to survive during that portion of the year which ap¬ 
proached winter conditions. 

In Manchuria, Ono (1939) records Musca domestica as first appearing in 
April at temperatures around 42.8°F (6°C). The flies became abundant in 
mid-June, and decreased in November. Dove (1916) found that at Dallas, 
Texas, flies which were inactive at 45°F (7-2°C) crawled slightly at 48°F 
(8.9°C) and flew voluntarily at 53°F (ii. 6°C). No flies, according to his ob¬ 
servations, survived freezing temperatures for more than three days. 

Oviposition appears to require a slightly higher temperature than that which 
permits general physical activity. Kalandadze and Chilingarova (1942b) 
found that the number of egg batches deposited by M. domestica vicina in 
Georgia (U.S.S.R.) decreased sharply with any sudden drop in atmospheric 
temperature, and ceased entirely at io°C (50°F). It is noteworthy that no 
oviposition took place even though the temperature in the upper layers of 
manure heaps remained between 15° and 20°C (59°-68°F). Dorman, Hale, 
and Hoskins (1938) consider the developmental zero for egg formation to be 
in the vicinity of I4°C (57-2°F.) The rate at which ovarian development pro¬ 
ceeds is likewise dependent on prevailing temperatures. Uvarov (1931), citing 
Bishopp, Dove, and Parman (1915), states that the length of the preoviposition 
period for houseflies may vary from four days at a temperature of 30.6°C 
(87°F) to twenty days at a temperature of 20°C (68°F). 

The same author, citing Rodel (1886) and Donhoff (1872), gives data to 
show that flies are killed at temperatures not many degrees below the freez¬ 
ing point of water. Thus, death resulted from a five-minute exposure at 
—12 0 C (to.4°F), a twenty-minute exposure at —8°C (i7.6°F), a forty- 
minute exposure at —5°C (23 .i°F) and, in another experiment, a three-hour 
exposure at —to°C (i4°F), later raised to —6°C (2i.3°F). 

Hafez (1941b) found that M. domestica vicina could withstand as low a 
temperature as —7°C (rg.4°F) for six hours, but that death occurred when 
the flies were exposed to — n°C (i2.2°F) for three hours. 

Within tolerable temperatures, however, longevity is definitely greater at 
thermometer readings somewhat below those at which adult activities are 
usually carried on. Dove (1916) found the most favorable temperatures for 
survival to be under 6o°F (i5.6°C). Musca domestica maintained at such 
temperatures lived as long as 91 days, an observation that has a strong bear¬ 
ing on the question of hibernation, especially in more southern latitudes (see 
Chapter IV). It is worthy of note that houseflies always seek temperatures 
above 6o°F, when given an opportunity to do so. 
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The interaction of temperature and humidity in determining both activity 
and survival is a subject that deserves additional investigation. Beattie (1928), 
who studied the simultaneous effect of these two factors on the blowfly, 
Calliphora erythrocephala, found that the ability of this species to withstand 
exposure to high temperatures was especially poor between humidities of 60 
and 80 per cent. The optimum within this range was 70; that is, the flies died 
at lower and at higher humidities, when the temperature was even lower 
than that which they survived at a relative humidity of 70 per cent. It has 
been suggested that flies die at high temperatures because of loss of water, but 
Beattie determined that there was no loss of weight at a relative humidity of 
90 per cent. This would seem to indicate that insects die in saturated air be¬ 
cause they do not have the ability to control their body temperatures by 
evaporation. Why the flies should die at humidities of less than 70 per cent, 
however, is not easy to understand, as there is no greater loss of weight below 
this level than at 70 per cent. 

Observations on one or two other species and varieties may be mentioned: 

Musca domestica vicina, as studied by Feldman-Muhsam (1944b), lived 
as long as 106 days in captivity at favorable temperatures; they died more 
quickly as temperatures rose. The lethal effect of high temperatures was 
much less marked, however, with a relatively high humidity than with a low. 
Above 20 0 C (68°F) the flies lived longest at a relative humidity of 42 to 55 per 
cent. Below 20°C, 30 to 40 per cent humidity permitted them to be active 
and enjoy a life span of reasonable length, while 80 per cent humidity made 
them weak, sluggish, and short-lived. Zimin (1939-194^) records that the 
lowest temperatures at which M. sorbens, Chrysomyia albiceps, Sarcophaga 
spp., and other southern forms enter houses in Tajikistan range from 24 0 
to 27°C (75.2°-8o.6°F) at a relative humidity of 32 to 35 per cent. For certain 
cosmopolitan species and those of a more northerly distribution the figures 
are 8°-i6°C (46.4°-6o.8°F) with a relative humidity of 47-58 per cent. 

It should be remembered that in nature, all or at least many environ¬ 
mental factors are subject to fluctuation at the same time. Even under ex¬ 
perimental conditions, investigators frequently fail to control all factors affect¬ 
ing their results. Mellanby (1934), who worked chiefly on lice and mosquitoes, 
points out that published figures on the thermal death point of the genus 
Musca differ as much as 5°C. This is obviously due to variations in several 
interacting factors. The duration of exposure is one of these, as is the rela¬ 
tive humidity during the exposure period. Furthermore, at different tempera¬ 
ture levels, time of exposure and relative humidity may differ both in their 
separate and in their combined effects. It is reasonable to suppose that the 
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rate of metabolism increases with higher temperatures, particularly in a 
poikilothermic animal. Thus at high temperatures death may be due chiefly to 
exhaustion of the reserve food supply. Mellanby’s experiments make it evi¬ 
dent that well-fed insects survive much longer at high temperatures than do 
starved ones. 


PREFERRED TEMPERATURES OF FOODS 

For food to be attractive to adult houseflies its temperature should be some¬ 
where between 12° and g6°C. Olive Lodge (1918) tested houseflies in regard 
to this and found that the optimum temperature for food lay between 38° 
and 48^0 (99°-ii8°F). The maximum at which food was taken by flies was 
55°~58°C (i32°-i36°F), while the minimum was io°-i3°C (5o°-55°F). 
That flies prefer food materials somewhat warmer than the average of the 
atmosphere in which they fly is perhaps a reflection of their long association 
with human kind. 



CHAPTER IX 


Miscellaneous Ecological Factors 


It is easier to catch flies with honey than with vinegar.—English proverb 

T HE ecological factors other than food, temperature, and humidity which 
influence the development, activity, and reproduction of animal organ¬ 
isms are many. We have data, however, on but relatively few. The following 
discussion will be confined largely to certain effects of light, air currents, and 
barometric pressure on the biology of flies. In time, it is to be hoped that addi¬ 
tional research will throw light on many areas now obscure. Studies on the 
interaction of two or more environmental factors are especially to be desired. 
There is probably no phase of muscoid biology which is more inviting to the 
young investigator or more deserving of attention at the present time. With 
modern physiological equipment, avenues of approach are now open which 
did not exist for the student of a generation ago. The incorporation of eco¬ 
logical problems in the planned programs of our experiment stations and 
graduate schools is most desirable. 

LIGHT AS AN ENVIRONMENTAL FACTOR 

Casual observations make it evident that flies in general are positively 
phototropic. Many species tend, for instance, to congregate on sunny walls. 
When taken in the collector’s net practically all Diptera fly upward, a habit 
of which the entomologist takes advantage when he holds the net mouth 
down, in transferring his specimens to the killing jar. For beetles, with their 
tendency to “play possum” and drop to earth, such technique would be disas¬ 
trous. Other conditions being similar, flies also prefer to feed in well-lighted 
places, though their favorite foods often remain moist and attractive for a 
longer time in somewhat shady situations; when the two stimuli are pitted 
against one another, the gustatory usually takes precedence. 

Breeding activities likewise are favored by ample illumination of the en¬ 
vironment. In this connection may be mentioned the experimental work of 
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E. P. Felt (1910c), who pointed out that flies do not breed freely if confined 
in darkness. They show a rather decided preference for sloppy filth in light 
places. Gravid females, however, will and do crawl into dark crevices to de¬ 
posit their eggs, a concession to the larva’s dependence on a relatively high 
humidity (see Chapter VIII). 

Of course, light may be so intense as to drive flies to rest elsewhere. Thus 
Zimin (1939-19415) records Musca domestica vicina, which is very abundant 
in Tadzhikistan during July and August, as avoiding both excessive shade 
and bright sunshine. Calliphora erythrocephala he mentions as preferring 
weak light and being most active in the late hours of the day. Such observa¬ 
tions, however, in no way nullify the generalization that Musca and allied 
genera are essentially diurnal groups which, in the adult state, carry on most 
of their activities in reasonably well-lighted situations. 

LARVAE NEGATIVELY PHOTOTROPIC 

The larvae, in contrast to the adults, are more or less negatively phototropic, 
a provision that serves the species in causing them to avoid exposure to strong 
light with the desiccation that such exposure frequently involves. Whether 
strong light is of itself toxic to the larvae may be disputed, but it is generally 
accepted that with animals of such delicate integument, any prolonged ex¬ 
posure to ultraviolet light must have a deleterious effect. The ultraviolet con¬ 
tent of unobstructed sunlight is, of course, considerable. In this connection it 
is of interest to note that Uvarov (1931), citing Weidling, mentions intensive 
exposure to electric light as retarding the development of the larvae of Calli¬ 
phora for about a week. 

QUALITY OF LIGHT IMPORTANT 

The foregoing general observations, though interesting, have but relatively 
little scientific value, since light is of many qualities and insects sometimes 
react differently to one portion of the spectrum than to another. A few per¬ 
tinent experiments will be discussed. 

In his work on fly control in dairy barns, Parrott (1927) used lights of vari¬ 
ous colors to attract flies to electric traps. He records that a clear bulb, or a 
white frosted bulb, attracted more flies than blue, green, or yellow of the same 
power. Red light proved least attractive of all the colors used. 

Somewhat similar observations by Awati (i92od) show that the houseflies 
of India do not differ greatly in their phototropisms from those of the new 
world. Awati exposed the flies to various qualities of artificial light and also 
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to Tanglefoot papers of different colors. Yellow proved the most attractive, 
red and violet the least. Blue, green, and orange were intermediate in this 
regard. He found the response to be the same in daylight as by night and noted 
that males and females did not differ in their response. Certain species of 
Calliphoridae showed similar color preferences. 

Somewhat different results were obtained by Harsham (1946), who counted 
the flyspecks on packages wrapped in covers of selected colors. His findings 
do agree, however, with those of Awati in showing that yellow is never re¬ 
pellent to the flies. Nine packages were suspended in an illuminated Peet- 
Grady chamber and exposed to approximately 500 flies for a period of 48 
hours. The results were as follows: 


Type 0/ Wrapper 

Purple 
Light yellow 
Lime green 
Dark yellow 
Orange 

Strawberry red 
Light red 
Foil No. x 
Foil No. 2 


Number 0/ Flyspec\s 

175 

180 

180 

192 

225 

230 

260 

375 

700 


Casual observation of the number of flies resting on the various packages 
during the course of the experiment was in general conformity with the counts. 
Such findings tend to cast doubt on the desirability of shipping foods in foil 
wrappers in territory where flies abound. There is at least an esthetic objec¬ 
tion to the heavily specked package, even though the wrapper be flyproof, 
and purchasers tend to pass over such an item for a package that is relatively 
speck-free. 

A similar demonstration was carried out by Freeborn and Berry (1935) to 
test the validity of a fairly common practice among California dairymen. Be¬ 
fore this it had been generally believed that aluminum paint on the walls of 
such establishments acted as a repellent to flies. Freeborn and Berry found 
that the flies merely preferred dark colors and rough surfaces. Plain white 
paint was considerably more repellent than aluminum. The practice was 
certainly not justified. 

Cameron (1938, 1939) studied the reactions of Musca domestica to light of 
different wave lengths. He used several methods, the more usual procedure 
being to remove the flies from the breeding cage and keep them in darkness 
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for about ten hours. Each fly was then required to make ten test trips toward 
two test lights of different wave length, and a record was kept of the choice 
made by the insect. Cameron found the flies much more strongly stimulated 
by ultraviolet light of 3,656 Angstrom units 1 than by any other portion of 
the spectrum used in his experiments. The effect decreased, at first rapidly 
and then more slowly, as longer wave lengths were employed. On the short 
side of the peak, attraction also declined. The shortest wave length available 
for testing was 3,022 A., which proved by comparison slightly more attractive 
than did yellow Light or green. It should be remembered that the wave 
lengths of the visible spectrum range from near 3,800 at the violet end to 
approximately 8,000 at the red, with yellow and green intermediate between 
the two. 

Galaine and Houlbert (1916) made the interesting observation that flies 
confined under blue light first showed restlessness and then became inactive, 
as in the dark. From this they reasoned that food stored in cupboards with 
blue glass windows would probably be unattractive to flies. This is improbable, 
as Ingle (1943) actually used blue light to attract flies to screens for testing 
their reaction to various chemical substances. While blue light is perhaps not 
as attractive as some other colors, it clearly is not repellent. 

LIGHT AND TEMPERATURE 

When confronted with two variables, temperature and light, not all species 
of flies show the same adaptive discrimination. In this connection, Jack and 
Williams (1937) compared the behavior of Musca domestica vicina with that 
of Glossina morsitans and Stomoxys calcitrans. Regardless of light conditions, 
M. d. vicina showed far greater ability than the other two to find a comfort¬ 
able temperature by trial and error. Other things being equal, however, 
Musca always prefers a Lighted environment. When the temperature was 
raised to a point that was lethal for all three, most specimens of Musca died 
in the light portion of the cage, most specimens of Glossina in the dark. With 
Stomoxys, about half chose the darker section, half the light. 

Considering this strong preference for light, Musca, when confined in dark¬ 
ness, sometimes manifests much more activity than would be expected. 
Smirnov (1937), citing the work of Kuzina, records M. domestica active by 
night as well as by day if the temperature is sufficiently high. No difficulty 
was experienced in catching flies in traps in the dark if the rooms were 

1 An Angstrom unit is equal to one ten-thousandth of a micron, i.e., one hundred- 
millionth of a centimeter. 
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warm. Very few flies, however, were observed to enter voluntarily buildings 
that were dark. The foregoing observations were made in a special laboratory 
at the Tropical Institute in Moscow. 

There is practically no modern data on the effect of exposure of larvae to 
light of selected wave lengths. The very early observations of Beclard (1858) 
may be mentioned briefly. Beclard, who worked with flesh flies, found that 
the maggots grew largest when exposed to violet light, and next largest under 
blue, red, white, and green, in the order named. Those reared under green 
were but one-third of the length and thickness of those reared under violet. 
Since this follows no particular system as regards length of light rays, it seems 
impossible to generalize on the basis of these findings. Experiments of this 
sort would bear repeating, with other ecological factors properly controlled 
and quality of light recorded by wave length rather than by color. 

TIME OF DAY 

Possibly related to quantity and quality of light are the reactions of flies 
to the position of the sun. Shinoda and Ando (1935) noticed a sort of diurnal 
rhythm in the activities of Musca domestica and other species in Japan. 
Temperature may or may not have been the deciding factor, but in mid-May 
most of the flies collected were taken at or about n: 00 a.m. From May to 
September, however, 9:00 a.m. and 3:00 p.m. were the more productive collect¬ 
ing hours, with relatively few flies in evidence at 1 :oo p.m. With the exception 
of Lucilia, all muscoids were found more numerous during the morning 
than during the afternoon hours. The authors definitely state that house¬ 
flies, which were most abundant during August and September, were found 
chiefly active at or about a temperature of 28°C (82.4°F). 

GEOTROPISM 

The universal tendency of flies to swarm upward is not due entirely to 
a positive phototactic response. When walking, at least, a negative geotactic 
reaction is involved. Strickland (1945) calls attention to a simple method for 
reducing the number of blowflies in barracks and houses by use of this 
principle. A pencil hole is made at the upper right-hand corner of the win¬ 
dow screen or screen door and through this the flies eventually find their way 
out. Other insects may enter, of course, but this does not take place very 
frequently. Mosquitoes may be excluded during the night hours by use of a 
small cork. There seems to be no way of accounting for the blowfly’s tendency 
to prefer the right in crawling upward. 
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AIR IN MOTION 

The effect of winds on the migratory movements of flies has been much 
discussed. Two very different relationships are involved, depending on the 
velocity of the air currents in question. Storms, hurricanes, and all winds 
strong enough to more than offset the fly’s own efforts at self-propulsion, un¬ 
doubtedly cause the species to be carried willy-nilly over stretches of desert, 
ocean, and even mountain barriers. All such unwilling migration may be 
regarded as accidental, since flies are extremely sensitive to wind and seldom 
venture into the open on windy days, even when very favorable temperatures 
prevail (Uvarov, 1931). 

That such dispersal does occur, however, is borne out by the observations 
of Ball (1918). This author studied insects taken at the Rebecca Shoal Light 
Station in the Tortugas Islands. Ball collected houseflies and mosquitoes 
which he considers to have been carried there by winds from Cuba over 90 
miles of water and also from Florida, 105 miles distant. 

The second, and more common, relation of wind to the activities of house¬ 
flies is in connection with the more gentle movements of air, not strong enough 
to discourage ordinary flight. For example, flight-range experiments by Car- 
ment (1922) with stained specimens of Musca domestica in Fiji showed that 
flies, when not forcibly diverted from their course, tend to travel against the 
wind. At least no flies released by him were retaken to leeward of the starting 
point. Carment considered that the flies were attracted largely by odors 
which were wind-borne. Hindle (1914b), also Hindle and Merriman (1914), 
likewise noted that flies tend to travel either against or across the wind and 
speculated as to the reasons for it. They concluded that odors from upwind 
are certainly important but also suggested that a positive anemotropism, such 
as is manifested by certain birds, may be involved. 

The foregoing observations are quite at variance with those of Copeman, 
Howlett, and Merriman (1911), who reported that flies tend to move with 
the wind. Hindle points out, however, that these investigators worked entirely 
in open country (where there is always a greater tendency for general dispersal) 
and that all their catching stations happened to be to leeward from the point 
of release. 


BAROMETRIC PRESSURE 

Atmospheric pressure has been defined as the force exerted per unit area by 
the total column of air above the level considered. It is usually measured in 
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terms of the number of inches or centimeters of mercury which the atmosphere 
will support vertically within a vacuum. Other factors remaining stable, 
atmospheric pressure varies inversely with the altitude. Insects are usually 
tolerant of all variations in pressure found within altitudes characteristic 
of their range; their activities, however, may be markedly affected by changes 
in barometric conditions, especially if these changes are relatively abrupt. 
The housefly is a rather good example of this. 

For instance, it is well known that muscoid flies usually follow most erratic 
flight paths just prior to a thunderstorm (Sterzinger, 1929). When the storm 
actually breaks, however, many of them become comatose. The suggestion of 
Gourdon (1929) that this coma may be due to the production of ozone in 
the atmosphere at such times seems scarcely tenable. More probable is the 
belief of Parman (1920) that the varying atmospheric pressures are directly 
or indirectly responsible. Parman observed that during the comatose state, 
flies are especially subject to the action of destructive agencies such as wind 
and spray. Fifteen days after the storm, flies are usually again abundant, suf¬ 
ficient time having elapsed for the production of a new generation. Parman 
likewise noticed that species normally attracted to lights are most active dur¬ 
ing periods of high barometric pressure, and especially when the barometer 
is rising. 

The opposite behavior, however, is recorded by Underhill (1940, 1944) 
regarding black flies (Simuliidae), in which feeding activities are consider¬ 
ably stimulated at times of low or rapidly falling barometric pressure. Cas¬ 
ual observations of sportsmen and campers certainly appear to bear this 
out. 

Wellington (1945) was apparently the first to suggest that such increased 
activity is actually the result of a positive response to decreased pressure. In 
an earlier paper (1944) the same author points out that whereas only slight 
decreases in pressure may result in a marked increase in flight activity, at 
still lower pressures behavior may again be normal. Under the conditions 
of the study, positive reaction was most pronounced between sea level and an 
elevation of 1.5 kilometers. Wellington insists that this activity is in no sense 
a distress reaction. 

Barometric observations show that as a storm approaches there is a rapid, 
steady fall in atmospheric pressure. To this the flies react by a general increase 
in bodily activity. In the last few minutes before the storm, however, the drop 
is much sharper and is complicated by a “pumping” behavior of the mercury 
column, with fluctuations in pressure of as much as plus or minus two milli- 
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bars 2 about the median point. This is the result of the ever-changing pattern 
of air currents in advance of a storm. To this fluctuating condition the flies re¬ 
act more “wildly,” changing direction with great frequency and seemingly 
for no reason at all. In this connection, Wellington has shown that flies react 
violently to continuous “pumping” in the laboratory and even dodge away 
from hand-pressure waves equivalent to not more than 0.3 mb. His conclusion, 
therefore, is that normal flies exhibiting erratic prestorm flight in nature are 
actually responding to localized pressure waves occurring here and there 
ahead of the storm. This is brought about by nothing other than the stimula¬ 
tion of the fly’s baroreceptors and is superimposed upon the generally increased 
activity already present. In the laboratory Wellington (1946b) was unable to 
fatigue the flies, and failed to produce anything resembling the comatose 
state previously mentioned as sometimes observable in nature. He suggests 
that such a condition, when it does occur, may possibly bear a relation to 
changes in the rate of evaporation within the storm area proper. 

To summarize, the general increase in activity exhibited when barometric 
pressure falls slightly is not a true “taxis,” since it lacks a directional element. 
It may more properly be designated merely as a kinetic reaction. The seem¬ 
ingly erratic flight that follows, and is associated with localized pressure 
fluctuations, is definitely directional and therefore a true “taxis” or “tropism.” 
The reorientation is instantaneous. Such a response, according to Welling¬ 
ton, may be considered tactic in a baronegative sense. 

The rather striking ability of insects to withstand pressure changes of an 
extreme character is believed to be due to their mode of respiration; the spira¬ 
cles, tracheae, and tracheoles serve to accomplish a very rapid adjustment of 
all tissues to the changed conditions. Rapid decompression, especially, seems 
to have no deleterious effects. A very rapid return to normal, however, may 
be attended by peculiar symptoms, such as have been recorded by Wellington 
(1945) for Calliphoridae. Immediately upon return of normal pressure, the 
flies buzzed violently for a few seconds. This was followed by a fifteen-minute 
period of insensibility. Both may be explained by assuming a mechanical 
pressure on important nerve centers through the distensible walls of the many 
tracheal sacs. The flies invariably recovered, and no aftereffects of any kind 
could be detected. 

Wellington (1946a) offers the following classification of variations in at- 

2 A millibar (mb) is equal to 1,000 dynes of force per square centimeter. For purposes 
of conversion this is equivalent to a force capable of supporting 0.75 millimeters (0.0295 
inches) of mercury (Wellington, 1946a). 
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mospheric pressure. As will be seen, not all types are likely to have significant 
effects on insect life. 

(1) Rhythmic variations. These are slight and frequently masked by other 
fluctuations, but are determinable by long-term analysis. The cycle is a twelve- 
hour one, the peaks occurring approximately at 10:00 a.m. and 10:00 p.m., 
the low points at 4:00 a.m. and 4:00 p.m. This cycle is most observable near 
the equator. Only in the tropics is it believed that insect activities are affected 
thereby. 

(2) Irregular variations. These are due to the movements of cyclonic and 
anticyclonic systems. There may be sharp fluctuations within a period of hours, 
or more gradual changes involving two or three days. The magnitude of 
change may range from 1 to 50 millibars. These irregular changes, often 
associated with storms, are the most important in their effects on insect biology. 

(3) Seasonal variations. Over land masses generally, the sea-level pressure 
is greater during winter than in summer. This is due to the fact that the 
atmosphere contracts and becomes drier over a cooling region. With the ap¬ 
proach of summer the atmosphere expands, gains humidity, and becomes 
lighter, the average barometric readings being reduced. Any relation of sea¬ 
sonal pressure to insect activity still remains to be worked out. 

(4) Vertical variations. These are the normal decreases in atmospheric pres¬ 
sure with increasing altitude. Up to about 1,000 feet elevation, each 30 feet of 
ascent represents a drop of approximately one millibar; above this, greater 
intervals of height are required to produce equivalent effects. The vertical 
distribution of species is undoubtedly influenced by atmospheric pressure as 
related to altitude. 

(5) Horizontal variations. Surface variation in the horizontal direction is 
only about one ten-thousandth as great as in the vertical. For this reason it 
might seem insignificant, in ecological studies. It does contribute, however, to 
the character of the “microclimate” or limited ecological situation in which 
certain species spend all or a portion of their lives. By applying a correction for 
altitude, the ecologist may utilize standard weather-station data directly in 
studying the microclimate. 

Of these five classes of pressure variation, the first three may be considered 
temporal; the last two, spatial. 

THE PLACE OF ECOLOGY IN APPLIED SCIENCE 

Although the statement was published many years ago, we can still agree 
with Dr. W. B. Herms (1909c), who wrote that in medical entomology there 
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is great need for additional knowledge of the sensory reactions of insects: 
their responses to chemical stimuli, to light, to temperature changes, and to 
vibratory stimuli. Much knowledge has been gained over the past thirty years, 
buta great field is still open to the skillful investigator. It should be borne in 
mind that control procedures deal largely with the manipulation of environ¬ 
ment, for the intelligent execution of which the best possible knowledge of 
ecological principles is not only a desirable but really an essential tool. An 
understanding of the insects’ reaction to a changing environment rests, in 
turn, upon a thorough appreciation of the physiology of the species and how 
the processes of digestion, respiration, reproduction, etc., are affected by the 
responses of the organism to the various environmental stimuli that man pro¬ 
vides. Lastly, all functions in any living body can only be performed by struc¬ 
tural units, that is, by cells, tissues, organs, and systems of organs, which must 
be present in normal morphological relationship if proper functional activity 
is to be maintained. Thus practical control depends on ecology, ecology on 
physiology, and physiology on morphology, the most fundamental of all the 
biological sciences. Here, as in other branches of scientific work, the practical 
rests upon the theoretical, and the applied science upon academic fact. 

One more phase of ecology remains to be discussed: the relation of the living 
fly to other organisms that share the same environment. The chapter that fol¬ 
lows attempts to evaluate the importance of both microscopic and larger forms 
in determining the success of Musca domestica as a species. 



CHAPTER X 


Parasites, Predators, 
Symbionts, and Commensals 

lNCLlJDINC CERTAIN SPECIES OP VETERINARY IMPORTANCE 


I filled a fly this morning—it buzzed, and I wouldn't have it .— W. S. Gilbert, 
Ruddigore 

T HE HOUSEFLY, like any other species, is hampered or assisted in its 
siruggle for survival by the activities of a great array of other organisms 
which, directly or indirectly, influence its well-being. Those which are defi¬ 
nitely restrictive to the growth, development, or reproduction of the species 
may be classed either as predators or parasites, depending on whether they 
actually consume the fly as food or merely gain nourishment by living on or 
in the tissues of the host. Each stage of the fly’s life cycle is subject to attack 
by representatives of one or both groups, and the total destruction is un¬ 
questionably very great. We have only to picture the potential fecundity of the 
housefly, as brought out in Chapter IV, to realize that many agencies must 
obviously be at work at all times to keep the fly population at the relatively 
low level which normally prevails. Temperature, humidity, wind, and other 
ecological factors combine to limit the occurrence of the species to fixed geo¬ 
graphical areas and its activities to particular seasons of the year. But super¬ 
imposed on this is the influence of living organisms, large and small, which 
in the aggregate, are responsible for the elimination of countless numbers of 
individual flies. 

The natural enemies of Musca domestica and related species may be 
grouped, taxonomically, under seven heads: 

(i) Fungus and bacterial infections, including rickettsiae, viruses, and 
spirochetes. 

(2) Protozoan organisms. 

(3) Roundworms and flatworms. 
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(4) Insects and other arthropods. 

(5) Reptiles and amphibians. 

(6) Birds. 

(7) Insectivorous mammals. 

In addition to the many species that affect the fly adversely, there are, espe¬ 
cially among the microorganisms, a considerable number, intimately asso¬ 
ciated with flies, which apparently have no detrimental effect upon their hosts. 
Certain bacteria, for example, common on the body or in the alimentary tract 
appear to do the fly no harm. These are perfectly adjusted, it would seem, to 
a relationship in which they live and multiply without significant injury to 
host tissue and without secreting any toxins to which the fly is specifically 
susceptible. Proteus morganii and Pseudomonas fluorescens arc probably of 
such a type. Both, when taken in by maggots, survive through the pupal stage 
and may be recovered from the adult fly after the latter has emerged. In the 
majority of cases, such flies probably have as long a life span as those not con¬ 
taminated with these organisms, and probably possess normal reproductive 
powers, though it should be mentioned that Glaser (1924c) considered non- 
pathogenic bacteria able to shorten the life span and reduce the number of 
ovipositions, when ingested by adult flies. 

A third group of organisms, biologically speaking, is made up of those 
which merely enjoy a “free ride” during their brief stay in the body of the 
fly and which must eventually reach some other destination if they are to 
continue their existence and reproduce in normal fashion. Bacterium con- 
junctivitidis, Corynebacterium diphtheriae, and Hemophilus duplex, for ex¬ 
ample, remain alive on or in the fly only a few hours, in most instances. 
Salmonella schottmulleri, on the other hand, has been recovered eleven days 
after the flies were exposed to contamination. Brucella abortus is somewhat 
intermediate, in that flies retain infection 24 to 96 hours after becoming con¬ 
taminated. Eberthella typhosa, the organism that has perhaps done more than 
any other to give the housefly its evil reputation (“typhoid fly”), is extreme 
in remaining viable in the fly’s body for perhaps as long as 23 days! (Ficker, 

T-m)- 

From these and similar figures, it will be obvious that whenever such an 
organism is pathogenic to man or his domestic animals, the importance of the 
fly as a disease vector increases in proportion to the number of hours or days 
that it is able to retain the infective organism. A fly that has fed on typhoid 
ejecta only once may remain a menace to the community for perhaps three 
weeks or more, while one laden with the germs of undulant fever (Brucella 
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abortus), for example, must make repeated trips to the source of infection if it 
is to distribute organisms for a period much longer than 96 hours. 

The disappearance of all such organisms from the body of the fly in the 
course of time may be due to a variety of causes: 

In some cases bacteriophage may be involved. Shope in 1927 prepared a 
salt solution extract of houseflies and found therein a bacteriophage destruc¬ 
tive to Staphylococcus muscae, Escherichia coli, Salmonella paratyphi, and 
Eberthella typhosa. Glaser (1938b) found that wild-caught flies always con¬ 
tained bacteriophage. He was not able to bring about the production of 
bacteriophage by introducing a strain of staphylococcus into the alimentary 
tract of sterile flies, and concluded that the interaction of host and bacteria does 
not constitute an adequate explanation of bacteriophage formation. Bacterio¬ 
phage survived alone (without the staphylococcus) in sterile flies for one 
generation; with staphylococcus present, bacteriophage was active for at least 
eight generations of flies. 

Sometimes confused with the above is the action of certain so-called bac¬ 
tericidal substances natural to the fly and operative against specific micro¬ 
organisms. Duncan (1926) investigated the existence of this principle in eight 
species of arthropods, including Musca domestica. He found the substance 
present in the gut content of all forms studied, and in the feces of the insects 
but not of the Acarina (ticks). There seems to be but one active principle in 
each species of arthropod, but different bacteria manifest differing degrees of 
susceptibility to it. Spore-forming aerobes such as Bacillus anthracis, B. mesen- 
tericus, and B. subtilis are easily affected. Staphylococcus spp. require a higher 
concentration for their destruction, and some bacteria are resistant altogether. 
The bactericidal action is greater at 37°C (98.6°F) than at room temperature. 
The principle retains its full power when dried for six months, and is not 
destroyed by temperatures ranging up to I20°C (248^). It is not destroyed 
by trypsin and is not soluble in common fats. It may be precipitated from 
solution with proteins by alcohol or acetone, but is not itself affected thereby. 
It is rather definitely established that this substance is formed in the stomach, 
but it is not known whether this is by secretion of the gastric cells or whether 
it results from the process of digestion. The action on bacteria resembles that 
of antiseptics. There is no visible bacteriolysis, and Duncan states that it 
exhibits none of the properties of bacteriophage. 

The action neither of these bactericidal substances nor of the bacteriophage 
itself is sufficiently well understood to permit generalization covering all 
cases. Eberthella typhosa, against which bacteriophage has been demonstrated, 
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is known to survive through metamorphosis in the fly, and the same is true for 
Bacillus anthracis, which Duncan found susceptible to bactericidal substance. 
It may be that neither agent is active in the immature stages, at least for those 
forms which, when taken up by the larvae, can be recovered from the adult 
fly. 

A third factor relates to the speed with which flies empty the alimentary 
tract, both by defecation and by regurgitation from the mouth. A very large 
percentage of the organisms taken in while feeding are thus eliminated in a 
few minutes with little or no opportunity for multiplication within the fly. 
Such was the interpretation of Rendtorff and Francis (1943) in their study of 
poliomyelitis virus, which decreased sharply in detectable amount in the 
abdomen two to seven hours after ingestion by the fly. Both fecal and vomit 
specks yielded virus of an active character up to six hours after feeding. 

In the same connection it is interesting to note that cysts of Endamoeba 
histolytica may be passed within one minute after ingestion. 

Remembering that some microorganisms actually destroy the fly, it is im¬ 
portant to point out that individuals at times recover from such infection, and 
that the etiologic agent may die out or at least becomes more benign, as with 
many infections in man. In such instances, it is safe to suppose that immune 
mechanisms either of the phagocytic or humoral nature have been at work 
to attenuate the toxic effect or the mechanical injury to tissue. 

Last, there remains the possibility of the organism neither affecting the fly 
adversely nor being eliminated by it, but being nevertheless changed percep¬ 
tibly during its adventitious association with the carrier host. This develop¬ 
ment has been observed in Vibrio comma, etiologic agent of human cholera. 
Lai, Ghosal, and Mukherji (1939) found changes of a morphological, meta¬ 
bolic, and chemical nature in many strains recovered from the housefly. 
Whether these changes might become so extreme as to render the species un¬ 
recognizable during an interepidemic period was not determined. Such a pos¬ 
sibility might conceivably become an important point in epidemiology. 

Combining all organisms, detrimental and otherwise, which may be as¬ 
sociated with the fly’s biology in an intimate manner, we have then an 
enormous aggregate that can only be discussed adequately by division into 
groups. For convenience, we shall consider them as falling under two heads: 
(1) the microorganisms and (2) the macroscopic forms. 

MICROORGANISMS BIOLOGICALLY RELATED TO FLIES 

The microorganisms associated with flies include the bacteria, rickettsiae, 
viruses, fungi, protozoa, and the microscopic stages of certain worms. Data 



PARASITES, PREDATORS 227 

concerning these organisms are presented here largely in tabular form, as it 
is felt that by this means the greatest possible amount of information may be 
conveyed in a minimum of space. Special acknowledgment is due to Dr. 
Edward A. Steinhaus, who, in his excellent volume Insect Microbiology 
(1946) has brought together most of the factual material on which Table 12 
is based. 1 

In a few cases, the identification of Musca domestica is implied, rather than 
definite. In the interest of completeness, however, it seems desirable to include 
these references with the others. They are indicated by the following designa¬ 
tion: (det. assumed). 


Table 12. Bacteria recorded in literature as associated with Musca domestica. 


Name of organism 

Nature of association 

Authority 

Aerobactcr 
aerogencs 
(B. lactis 
aero genes) 

( B . oxytocus 
pcrniciosus) 

Isolated from intestine and intestinal 

content 

Nicoll (19: ra) ; Cox, 
l.ewis, and Glynn 
(1912); Torrcy (1912) 

Aerobactcr cloacae 
(B. cloacae) 

Isolated from alimentary tract 

Nicoll (191 ra) 

Alcaligencs jaecalis 
( B. jaecalis 
al\aligenes) 

Isolated from intestinal tract of city- 
caught flies (det. assumed) 

Torrey (1912) 

Bacillus A 
Ledingham 

Present on ova, in larvae, and in adults; 
survived through metamorphosis 

Tebbntt (1913) 

Bacillus anthracis 
(Causes anthrax in 
animals and in 
man) 

Spores survive after ingestion by larvae; 
organisms survive through metamor¬ 
phosis; bacilli isolated from stomachs 
and intestines of flies captured on ani¬ 
mals dead from infection; much experi¬ 
mental work on record 

Davaine (1868, 1870a, 
1870b) ; Raimbert (1869) ; 
Bollinger (1874); Nuttall 
(1899a); Cao (1906b); 
Graham-Smith (1909, 
1912b); Pierce (1921); 
Sen and Minett (1944) 

Bacillus colosimile 

Organism fed to larvae and later recov¬ 
ered from feces 

Cao (1906b) 

Bacillus 

gasojormans 

nonliquejaciens 

Isolated from body surface and from 
intestinal tract 

Nicoll (1911a) 


1 This chapter was written before Steinhaus’ Principles 0/ Insect Pathology was avail¬ 
able. Steinhaus’ work presents considerable information on the histological and physio¬ 
logical effects of various infections upon flies. 
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Table 12 ( continued) 


Name of organism 

Nature of association 

Authority 

Bacillus griinthal 
( B. gruenthali ?) 

Isolated from body surface and from 
intestinal tract 

Nicoll (i9tia) 

Bacillus lutzae 

(Flavobacterium 

lutzae) 

Pathogenic for housefly; dying insects 
yielded pure cultures 

Brown (1927) 

Bacillus 

piocianemus 

(B.pyocyaneus ?) 

Found living in body of fly eight days 
after feeding 

Cao (1898) 

Bacillus 

radicijormis 

Survived passage through alimentary 
tract; isolated from feces 

Cao (1898, 1906a) 

Bacillus 

similcarbonchio 

Passes through alimentary tract in viru¬ 
lent condition; deposited on external 
surface of eggs 

Cao (1898) 

Bacillus tijosimile 
( B. typhosimile ?) 

Several strains isolated from flies 

Cao (1898, 1906a) 

Bacillus vesiculosis 
(Bacterium 
vesiculosum ?) 

Isolated from surface of flies 

Nicoll (1911a) 

Bacterium 
agngenum 
{Bacillus seplicus 
agrigenus') 

Flies fed on cullures, made into inocu¬ 
lum 12 hours later; caused death of 
mice 

Marpmann (j B97) 

Bacterium 
conjunctivitidis 
(Bacillus 
aegypticus) 
(associated with 
conjunctivitis) 

Flies remain infective less than three 
and one-half hours after exposure to 
cultures 

Patton (1930) 

1 Bacterium 

1 delcndae-muscae 

Causes specific infection of houseflies 
and other Diptera; larvae ingest or¬ 
ganism; death (Musca) at end of pupal 
stage 

Roubaud and 

Descazeaux (1923) 

Bacterium mathisi 

Kills M. domestica 3 hours or more after 
ingestion 

Roubaud and 

Treillard (1935) 

Brucella abortus 
(causative agent of 
undulant fever) 

Flies retain infection 24 to 96 hours 
after exposure to cultures; organism 
also found associated with Muscina sta- 
bulans, Callipbora, and Stomoxys 

Patton (1930); Ruhland 
and Huddleson (1941) 
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Name of organism 

1 

Nature of association 

Authority 

■ 

C orynebacterium 
diphthcriae 
(causative agent of 
diphtheria in man) 

Recovered from feces 51 hours after flies 
had fed on bacilli; remains alive a few 
hours on legs and wings 

Graham-Smith 
(1910, 1914) 

Eberthella 
bcljastiensis 
{Bacterium coli 
anaerogenes) 

Isolated from adult fly 

Scott (1917a, b) 

Eberthella typhosa 
(causative agent of 
typhoid fever in 
man) 

May contaminate body, legs, or wings, 
or be present in content of alimentary 
tract; fly contaminates food and drink 
by contact, by vomitus, and by fecal 
specks; organism rarely persists through 
metamorphosis, but contaminated adults 
continue to yield, viable bacteria for per¬ 
haps 23 days; outbreaks of typhoid fever 
traced definitely to Musca domestica 

Celli (1888); Veeder 
(1898a); Ficker (1903); 
Hamilton (1903); Reed, 
Vaughan, and Shake¬ 
speare (1904); Klein 
(1908); Graham-Smith 
(1909); Faichnie 
(1909a,b); Bertarelle 
(1910); Ledingham 
(igir); Howard 
(1911a); Cockrane 
(1912); Tebbutt (1913); 
Bahr (1914); Manson- 
Bahr (1919) 

Erwinia amylovoru 
{Micrococcus 
amylovorus) 

(causes fire blight 
of plants) 

May live for several days in intestinal 
tract; eggs may be contaminated when 
laid; infection acquired by larva sur¬ 
vives through metamorphosis; also 
found associated with Muscina assimilis 
and Muscina stabulans 

Ark and Thomas (1936) 

Escherichia coli 
{Bacterium coli) 
{Bacillus coli 
communis) 

{Bacillus schafferi) 
{Bacillus coli 
var. communior) 
{Bacillus 
acidi lactici) 
{Bacillus 
neapolitanus) 
{Bacillus coli 
mutabilis) 

Present in feces of most flies examined; 
larvae hatched from contaminated eggs 
carry infection through metamorphosis 
to adult state; much laboratory work 
done with this species 

Cao (1898, 1906b); 

Nicoll (1911a); Cox, 
Lewis, and Glynn (1912); 
Torrey (1912); Scott 
(1917a,b); Ostrolenk 
et al. (1939, 1942b) 

Gafl\ya tctragena 

{Micrococcus 

tetragenus) 

Isolated from adult fly 

Scott (1917a,b) 
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Table 12 ( continued) 


Name of organism 

Nature of association 

Authority 

Hemophilus 

duplex 

(causes subacute 
conjunctivitis) 

Flies infective less than three and one- 
half hours after exposure to culture 

Patton (1930) 

Micrococcus 

fiacus 

(Air and milk 
organism) 

Isolated from body surface and from in¬ 
testinal contents 

Torrey (1912) 

Mycobacterium 
leprae 
(causative 
organism of 
leprosy) 

Flies caught on face of leper, found in- 
fected; organism survives several days 
in fly after meal of contaminated mate¬ 
rial; Chlorops ( Musca) leprae also a 
possible vector 

Nutlall (1899a); Currie 
(tgio); Honeij and 
Parker (1914); Rosenau 
(1927) 

Mycobacterium 

tuberculosis 

Organism recovered from intestinal 
contents and feces of flies fed on tuber¬ 
cular sputum; housefly believed to play 
definite role in the dissemination of 
tuberculosis 

Spielman and Haushalter 
(1887); Celli (1888); 
Hoffmann (1888); 
Graham-Smith (1914); 
Riley and Johannsen 
(i 93 s ) 

Neisseria 

gonorrhoeae 

{Diplococcus 

gonorrhoeae) 

Carried on feet of fly three hours after 
contamination with human secretions 

Welander (r896) 

Neisseria 
mtracellularis 
(Diplococcus 
'mtracellularis) 

Believed to be carried by M. dornestica 
(det. assumed) 

MacGregor (1917) 

Neisseria 

hicdiarum 

Found in Luci/ia sericata; pathogenic to 
M. dornestica 

Brown (1927) 

*Pasteurella 

curuculicida 

{Bacillus 

cuniculicidd) 

and/or 

Pasteurella avicida 
(Bacterium 
cholerac 
gaH'marum) 

Isolated from fly taken in animal room; 
both organisms produce fatal septicemia 
in rabbits 

1 

Scott {v)\~]a, b); 
Steinhaus (1946) 


* Pastcurclla bollivgcri, though not recorded from M. dornestica, has been found virulent In M. 
inferior 24 hours after the latter had bitten an infected rabbit. The same is true for other blood¬ 
sucking Muscidae. 
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Name of organism 

Nature of association 

Authority 

Pasteurclla pestis 
(causative organ¬ 
ism of plague) 

Evidence of fly transmission wholly ex¬ 
perimental 

Russo (1930); 

Steinhaus (1946) 

Pasteurclla 
tularcnse 
(Brucella 
tularensis) 

Transmission by housefly possible, but 
not important 

Steinhaus (1946) 

Proteus morgarni 
(Morgan’s No. 1 
Bacillus) 

Various strains isolated from captured 
flies; infection in larvae survives meta¬ 
morphosis 

Morgan and Ledingham 
(1909); Nicoll (191 ra); 
Graham-Smith (1912a, b, 
1913); Cox, Lewis, and 
| Glynn (1912) 

Proteus vulgaris 
(Bacillus proteus 
mlgar is) 

Isolated from captured adults; fed to 
larvae and recovered from feces 

Cao (1906b); 

Scott (1917a, b) 

Pseudomonas 
aeruginosa 
(Bacillus 
pyocyaneus) 

Organisms taken up by larvae in food 
material remain in gut during meta¬ 
morphosis; also isolated from outside of 
eggs of flies 

Cao (1906b); 

Bacot (igrra,h); 
Ledingham (1911) 

Pseudomonas 

fluoresccns 

(Bacillus 

fluoresccns 

liqucjaciens) 

Organisms fed to larvae and recovered 
from feces; survived through metamor¬ 
phosis and were isolated from adult 
feces and from exterior of eggs 

Cao (1906b) 

Pseudomonas 

jaegcri 

(Bacillus proteus 
fluoresccns) 

Isolated from intestines of larvae (path¬ 
ogenic for guinea pigs) 

Cao (1906b) 

Pseudomonas 

non-liqucjaciens 

(Bacillus 

fluoresccns 

non-liqucjaciens) 

Fed to larvae and isolated from feces 

Cao (1898, 1906b) 

Salmonella 
choleraesuis 
(Bacillus 
cholerae suis?) 

(B. suipestijer) 

Isolated from adult flics 

Scott (1917a,b) 

Salmonella 

enteritidis 

Isolated from body surface and from 
intestine of adult flies; survival through 
metamorphosis rare; M. domcstica def¬ 
initely a transmitter of gastroenteritis 

Picker (1903); Hamilton 
(1903); Graham-Smith 
(t909, 1912a,b); Leding¬ 
ham (1911); Cox, Lewis, 
and Glynn (1912); Bahr 
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Tabic 12 ( continued) 


Name of organism 

Nature of association 

Authority 



(1914); Ostrolenk and 
Welch (1942a, b) 

Salmonella 

paratyphi 

(B. paratyphus 

Type A) 

(Bacterium 
paratyphi) 

Isolated from intestinal tract of flies 

Torrey (1912) 

Salmonella 

schottmulleri 

(B. paratyphosui) 

Isolated from body and intestinal tract; 
flies carried organisms at least n days 

Nicoll (1911a) 

Sarcina aurantiaca 

Fed to flies and recovered from feces; 
survives metamorphosis 

Cao (1906a) 

Scrratia kielcnsis 

(Bacterium 

kiliense?) 

(“Red bacillus 
of Kiel”) 

Recovered in feces of larvae hatched 
from eggs in contact with polluted flesh; 
recovered from flies resulting from lar¬ 
vae fed on polluted flesh 

Cao (1906b) 

Scrratia marcescens 

(Bacterium 

prodigiosus) 

Cultivated from crop and intestine 4-5 
days after inoculation; survived meta¬ 
morphosis; lives in fly's intestine up to 
18 days 

Cao (1906b); Graham- 
Smith (1911, 1914); 
Buichkov (1932) 

Shigella dysenteriae 

Rarely survives metamorphosis 

! Graham-Smith (19T4) 

Shigella 

pavadysenteriae 

Isolated from flies in military kitchens 
and latrines; epidemic of bacillary dysen¬ 
tery fly-borne (det. assumed) 

Graham-Smith (1909); 
Kuhns and Anderson 
^ ( 1944 ) 

Shigella spp. 

Isolated from intestinal tract 

Ficker (1903); Hamilton 
(1903); Graham-Smith 
(1909); Ledingham 
(1911); Nicoll (1911a) 

Staphylococcus 

alhus 

(Albococcus 

pyogenes) 

(S. pyogenes albus) 

Isolated from exterior of eggs and from 
surface of city-caught flies; gut contents 
of M. domestica not bactericidal to this 
species 

Cao (1906b); Torrey 
(1912); Scott (i9i7a,b); 
Duncan (1926) 

Staphylococcus 
aureus 
(Micrococcus 
pyogenes aureus) 

Isolated from feet and other parts; re¬ 
tains virulence when passed through 
gut; gut contents of M. domestica not 
bactericidal 

Celli (1888); Cox, Lewis, 
and Glynn (1912); Scott 
(1917a,b); Duncan 
(1926) 
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Name of organism 

Nature of association 

Authority 

Staphylococcus 
citreus 
(S. pyogenes 
citreus ) 

Isolated from bodies of flies; survives 
metamorphosis 

Cao (1906b); 

Scott (19178,6) 

i Staphylococcus 
faccicijex 

Causes bacterial disease of fly 

Sweetman (T93C) 

Staphylococcus 

mnscac 

Causes fatal infection in housefly; males 
more susceptible 

Glaser (1924b, r926a) 

Staphylococcus spp. 

( Albococcus, 
Aurococcus ) 

Several strains isolated from surface of 
city-caught flies 

Torrey (1912); Cox, 
Lewis, and Glynn 
(1912) 

Streptococcus 

agalact'iae 

M. domcstica vector of bovine mastitis? 

Sanders (1940); 

Ewing (1942) 

Streptococcus 

equinus 

Isolated from flies, June through August 

Torrey (igra) 

Streptococcus 

jaecalis 

Isolated from intestinal tract; indicates 
that flies have fed on human feces 

Torrey (1912); Cox, 
Lewis, and Glynn (1912); 
Scott (1917a,b) 

Streptococcus 
lactis (?) 

( B. lactis acidi) 

Isolated from surface of city-caught flies 

Torrey (1912) 

Streptococcus 

pyogenes 

Isolated from city-caught flies and from 
flies in hospital wards 

Scott (1917a,b); Shooter 
and Waterworth (1944) 

Streptococcus 

sal'warius 

Isolated from intestinal contents and 
from body surface 

Torrey (rgrz); Cox, 
Lewis, and Glynn (1912) 

Vibrio comma 
(Vibrio cholerae) 
(causative organ¬ 
ism of cholera) 

Changes morphologically and physio¬ 
logically when passed through fly; may 
be one phase of life cycle; relation of 
flies to cholera epidemics established be¬ 
yond question 

Nicholas (1873); Cattani 
(1886); Tizzoni and Cat¬ 
tani (1886); Simmonds 
(1892); Macrae (1894); 
Nuttall (1899a); Ham¬ 
ilton (1903); Faichnie 
(1909a); Ledingham 
(1911); Nicoll (1911a); 
Graham-Smith (1914); 
Howard (igira); Gill 
and Lai (1931) ; Lai, 
Ghosal, and Mukherji 
0939 ); Herms (1944) 
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Table 12 shows that in a majority of cases the fly is merely a transient host 
to the various species of bacteria and is not particularly affected by them. 
Striking are the exceptions, however, as in the case of Bacillus lutzae, which 
is decidedly pathogenic for Musca, and Bacterium delendae-muscae , which is 
fatal in the pupal stage. Staphylococcus muscae, which also causes a fatal in¬ 
fection in flies, is more destructive to males than to females. Further study 
may show this principle to be quite general, as the male is often more sus¬ 
ceptible to sprays and poisons than is the female. 

One cannot resist the temptation to speculate briefly regarding the evolution 
of a species which, above all others, is now so successfully adapted to both 
the sugar bowl and the latrine. It is not inconceivable that many species have 
attempted the colonization of the latter environment, only to find that the 
bacterial flora was destructive to them or to their larvae, eggs, or pupae. Not 
so with Musca domestica. Endowed with a natural immunity to the vast 
majority of microscopic infections, or at least with the ability to develop some 
sort of tolerance to their presence, the housefly and a few related species have 
thrived where many would have perished, to become “queens of filth” and a j 
sinister factor in the environment of man. I 

Selection must have played a part in the adaptive process, with many falling 
by the way, but the so-called plastic species is in reality one possessed of great 
variability, and such variability M. domestica has, not structurally, perhaps, 
but physiologically, beyond a doubt. It is not sharply specialized either in its 
adult dietary or in choice of breeding medium, though, it has its preferences, 
as we know full well; in those preferences lies our chief interest in the species. 
Other aspects of the evolution of the genus have been discussed in Chapter V. 

Considerable interest attaches also to the fact that many more bacteria are 
carried within the fly’s body than upon it. Torrey (1912) found the intestine 
of the housefly to contain 8.6 times as many bacteria as were borne by the 
external surface, and Yao, Huan, and Huie (1929) record similar observations 
made on flies in the city of Peiping. The external flora depends considerably, 
according to this study, on whether the fly is collected in a clean or dirty en¬ 
vironment. These authors found that slum-collected flies averaged 3,683,000 
bacteria on the external surface, while specimens from the cleanest district in 
the city averaged scarcely more than half this number. Many of the bacteria 
carried by the housefly are, therefore, as Steinhaus (1946) remarks, adventi¬ 
tious, their presence depending on locality, time of year, and especially the 
habits of the individual fly (or maggot from which the adult was de¬ 
rived). 

Bacteria carried internally are not necessarily confined to the alimentary 
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canal or to solid tissues. Lilly (1931) considers it quite normal for the blood of 
the housefly to contain one or more bacterial forms. 

The transmission of the larval flora through the pupal stage to the imago 
has been recognized by Cao (1906a,b) and Bacot (1911b). That this rarely 
occurs, however, in the case of certain important pathogens was pointed out 
by Graham-Smith (1914), who showed that Eberthclla typhosa, Salmonella 
enteritidis, Shigella dysenteriae, and similar nonsporeformers, when fed to 
normal larvae, usually fail to survive metamorphosis. 

Torrey (1912) made a study of the bacterial flora of flies collected under city 
conditions of that period. He found that up to the latter part of June the flies 
carried no bacteria of fecal origin. Fecal bacteria of the colon type first became 
abundant in early July. These constituted 13.1 per cent of the organisms re¬ 
covered from the body surface and 37.5 per cent of those found in the intestine. 
As to total numbers, Torrey found periods in July and August during which 
the count ran to several millions per fly. These alternated with times at which 
the average fly carried but a few hundred bacteria. Torrey felt that these flies 
must represent newly hatched swarms which had not yet had time to become 
heavily contaminated. This interpretation seems subject to question, as newly 
hatched flies are sometimes heavily contaminated from the breeding medium 
and, again, breeding usually goes on more or less continuously throughout the 
season. More plausible, perhaps, would be the assumption that the action of 
bacteriophage or other bactericidal substances in the body of the fly serves 
to attenuate multiplication of newly acquired bacteria after a number of days, 
and only when new species or strains are picked up by the flies does the count 
again reach astronomic proportions. 

Torrey identified a number of the lactose fermenters and found that 79.5 
per cent were of the colon-aerogenes group, while 20.5 per cent were of the 
acidi-lactici type. There was a change in type according to the season. In 
August, he found particularly abundant a bacterium of the paracolon type, 
causing final intense alkaline reaction in litmus milk, and fermenting only 
certain monosaccharides. 

Rickettsiae 

Only a single species of rickettsia is definitely associated, in the literature, 
with houseflies. This is Rickettsia conjunctive Coles, the causative agent of 
an acute purulent conjunctivitis found in South African sheep. Similar in¬ 
fections in Germany, Algeria, France, Australia, and New Zealand are pre¬ 
sumably caused by the same organism, which is sometimes referred to the 
genus Chlamydozoon. This is the type of infection for which one would ex- 
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pect a vector of the arthropod type, probably a bloodsucker. So far no essential 
intermediate host has been discovered, but both Musca domestica and 
Stomoxys cdlcitrans are believed capable of transmitting the organisms in a 
mechanical way (Mitscherlich, 1943). Varieties of R. conjunctivae cause 
similar infections in the eyes of cattle and domestic fowl. 

Mitscherlich was able to infect the eyes of calves with Rickettsia conjunc- 
t'wae by placing thereon individuals of both species of flies which had them¬ 
selves been infected up to eight hours earlier. This author demonstrated 
definitely that the rickettsia were not transmitted through the egg of either 
fly. This is important, as certain diseases of rickettsial origin, such as scrub 
typhus, for example, are dependent on transovarial transmission for their 
continuance. In the Mitscherlich experiments it was found that quarters which 
have housed infected calves will become noninfective in twenty-four hours if 
no special measures are taken. 

Viruses 

The possible role of filth-feeding Diptera in the dissemination of polio¬ 
myelitis has led to many investigations, and there continue to be divergent 
opinions in regard to the relationship. That the fly may be a mechanical vector 
seems generally accepted. Whether it serves as a genuine host is still to be 
determined. The virus has been isolated repeatedly from wild-caught flies, 
and Bang and Glaser (1943) were able to recover Theiler’s mouse strain twelve 
days after the flies had fed on culture. The Lansing strain, however, survived 
only two days, and with neither strain did these authors succeed in producing 
infected flies from infected larvae. Rendtorff and Francis (1943) found that 
it was in the abdomen of the fly that the virus chiefly persisted. Active virus 
was found in both fecal and vomit specks, and these authors suggest that the 
decrease in detectable virus in the abdomen, noticeable a few hours after in¬ 
gestion, is due more, to rapid excretion than to the virus dying in the fly. 

Mohler (1919) reported that Musca domestica may harbor the virus of hog 
cholera for a number of days, and can possibly infect animals by feeding on 
fresh wounds or about the eyes. He considers it very doubtful, however, that 
M. domestica serves as a vector under ordinary conditions. 

As yet there has been no discovery of a virus to which Musca domestica is 
itself susceptible. Another of the muscoids, however, Calliphora vomitoria, is 
listed by Steinhaus (1946) as among the insects known to suffer from virus 
disease. 
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Spirochetes 

Treponema pertenue, the causative organism of yaws, may be transmitted 
mechanically by houseflies, as shown by the experiments of Castellani (1907); 
though M. domestica is certainly far less important in this connection than 
certain species of Hippelates, which, being smaller, may actually penetrate 
beneath the scabs to feed. The usual transmission of yaws is probably not by 
the activity of insects. 

There is a single reference in the literature (Kerr, 1906) to the possibility of 
syphilis being conveyed by flies, in Morocco, but this is of doubtful validity. 

Fungi 

Important among fungi associated with insects are the yeasts (order Sac- 
charomycetales). Many mycologists prefer to group yeasts with the Ascomy- 
cetes, a well-known class of fungi reproducing by asci and ascospores. Only 
certain yeasts, however, have these characteristics; the majority multiply 
largely by budding or by fission. 

Only occasionally have yeasts been isolated from houseflies. Probably in no 
case is the yeast detrimental to the fly—a rather astonishing fact, considering 
the very considerable number of yeasts and yeastlike fungi which occur in- 
tracellularly in insects. The more important relationship of flies to yeasts is 
undoubtedly the utilization of the latter as food, which the flies ingest along 
with other elements of the substratum on which they feed. For use of yeasts 
in preparation of culture media and also in studying dispersion of flies, see 
Chapter XV. 

With reference to fungi other than yeasts, Charles (1941) lists Musca do¬ 
mestica as host to the following forms: Aspergillus sp., Beauveria globulijera, 
Empusa americana, Empusa grylli, Empusa muscae, Empusa sphaerosperma, 
and Eusarium poae. 

The territory represented by Charles’s survey includes the North American 
continent, the West Indies, and the countries of Central America. 

Of these fungi the only form encountered very commonly is Empusa 
muscae. This species falls in the family Empusaceae, order Entomophthorales, 
class Phycomycetes. It occurs both north and south of the equator and is well 
known as a parasite of houseflies, blowflies, and other Diptera. In the fall of 
the year the infection frequently assumes epidemic proportions, and affected 
flies may be seem attached permanently to walls and ceilings, in a rather life-/ 
like position. 

The spores of the fungus, which have in one way or another become at- 
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tached to the body surface, send out slender hyphae that either penetrate 
through the softer portions of the cuticula or enter the body by way of the 
spiracles. Hyphal bodies become detached from the general mycelium and are 
distributed by the haemolymph. After a few days the fungus will have in¬ 
vaded all tissues, and the fly dies, completely “plugged” with fungus. Germ 



Figure Sj. Fly on windowpane, killed by Empusa muscae. The discharged 
spores form an irregular circle about the dead insect. (Adapted from Sreinhaus, 
1946.) 


tubes from the numerous hyphal bodies then grow out through the softer 
portions of the body wall and produce conidiophores at their tips. These bear 
conidiospores which are discharged in more or less of a circle and in a few days 
form a conspicuous halo about the body of the dead fly. This is especially strik¬ 
ing when the fly is attached to a windowpane. 

Hesse (1913) successfully cultured Empusa muscae and fed the living cul¬ 
tures to adult flies. Musca domestica, Stomoxys calcitrant, and Fannia canicu- 
laris all succumbed. Larvae which he fed on infected manure underwent 
pupation, but died in that condition. Hesse's experiments are interesting in 
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indicating that infection need not be by way of the integument, but can also 
be by mouth. 

Other species of Empusa and of the related genus Entomophthora attack 
a vast number of insect forms in many orders, and undoubtedly constitute an 
important factor in the natural control of these species. Diptera seem to be the 
favorite hosts (Thaxter, 1888). 

Several writers have stressed the possible importance of Empusa in effecting 
a degree of natural control over M. domestica and related forms. Graham- 
Smith (1919) recorded the fungus as destructive to Musca corvina, while 
Kuhn (1922) considered the seasonal decrease of M. domestica after Septem¬ 
ber (in Alsace and Baden) as due very probably to the effects of Empusa 
muscae. It was the finding of Gussow (1917), however, that only about one 
death in a thousand could be traced to E. muscae, and he therefore concluded 
that the general dying off of houseflies in autumn could scarcely be due to 
this. Interest in the relationship, however, has continued through the years. 
Paillot (1933) figured the mycelium and conidiophores of the fungus, while 
De Salles and Hathaway (1944) made a histological study of Empusa in¬ 
fection in M. domestica. 

Confusion of species has sometimes led to controversy. Bernstein (1914) re¬ 
ported that when two groups of flies were fed on syrup containing Mucor 
heimalus and Mucor racemosus spores, respectively, all died with the usual 
manifestations of Empusa muscae infection. Cultures from the dead flies 
yielded only Mucor racemosus. Such findings indicate a degree of polymor¬ 
phism in fungi, as suggested by the earlier work of Hesse. On the other hand, 
Ramsbottom (1914) found that a single Empusa spore, on germination, never 
gave rise to either the mycelium or the fruiting body of Mucor racemosus. 
When this appears to occur it can apparently be traced to a cluster of spores, 
which might very easily have contained the smaller spores of Mucor in their 
midst. There is still room for investigation in this field. 

The so-called “black spores” observed in the bodies of flies of the genus 1 
Musca as well as in malaria-carrying mosquitoes are probably not parasitic in 
nature. Mayne (1929) considers them to be chitinogenous thickenings of the 
tracheal tubes. Whether they appear in response to the presence of an invasive 
organism, fungus or protozoan, remains to be shown. 

Marchionatto (1945) records Aspergillus parasiticus from Musca domestica j 
in Entre Rios, and Empusa americana from Eucilia caesar in Buenos Aires. 
He found infested adults of Lucilia hanging from branches in masses of thirty 1 
or more. 
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Protozoa 

All classes of Protozoa have been found associated with insects, and it is 
more than probable that Musca domestica plays transient host to a large num¬ 
ber of species. Actual records in the literature, however, all stem from re¬ 
searches undertaken from the viewpoint of the parasitologist or medical 
scientist. Interest has been concentrated in the amebae parasitic in man, in 
certain flagellates resembling the trypanosomes of man and animals, and in a 
microsporidian, Octosporea inuscae-domesticae, also parasitic in Drosophila 
flies. It will be noted that these three are representative of three separate classes 
of Protozoa; the Sarcodina, Mastigophora, and Sporozoa, respectively. No 
Ciliata or Suctoria appear to be recorded from muscoid flies. Available in¬ 
formation is recorded in Table 13. 

Table 13. Protozoa associated with Musca domestica. 


Sarcodina 


Organism 

Nature of association 

Authority 

Endamoeba histolytica 
(causative agent of 
amoebic dysentery and 
other forms of amoe- 
biasis) 

Cysts pass unaltered through alimen¬ 
tary canal of flies and are viable in 
feces; may be passed one minute after 
feeding; ingested motile forms die 
within an hour; cysts found in feces 
of wild flies 

Wenyon and O’Con¬ 
nor (1917a,b) ; Sieyro 
(1942) ; Root (1921) ; 
Roubaud (1918); 
Connal (1922) 

Endamoeba coli 

Half the ingested cysts dead after 14 
hours; last living cysts observed after 
52 hours; cysts found in feces of wild 
flies; ingested motile forms die within 
an hour 

Wenyon and O’Con¬ 
nor (1917c); Roubaud 
(1918); Root (1921); 
Connal (1922) 

Endalimax nana 

Half of the ingested cysts dead after 
18 hours; last living cysts observed 
after 39 hours 

Root (1921) 


Mastigophora 


Giardia intestinalis 

Half of the ingested cysts dead after 

8 hours; last living cysts observed after 
16 hours; cysts found in feces of wild 
flies; ingested motile forms die within 
an hour 

Wenyon and O’Con¬ 
nor (1917c); Roubaud 
1918); Root (1921) 

Chilomastix mesnili 

Motile forms in feces 7 minutes after 
ingestion; half of the cysts dead after 
36 hours; last living cysts observed 
after 80 hours 

Root (1921) 
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Organism 

Nature of association 

Authority 

Trichomonas hominis 
(?) 

Motile forms in feces 5 minutes after 
ingestion; killed in less than an hour, 
if retained 

Wenyon and O’Con¬ 
nor (1917c) 

1 rich om o 11as joetus 

Living forms recovered from digestive 
tract one half hour to 17 hours after 
ingestion 

Morgan (1942) 

Herpetomonas mus¬ 
carum 

(Bodo muscarum) 
{Ccrocomonas muscae - 
domesticae) 

(H. muscac-domcsticae) 

( Schcdoaccrcomonas 
tn uscac-d 0 m esticae ) 

(Monomita muscarum) 

Very common in intestine, especially 
in tropics; normally found posterior to 
provcnrriculus; I-eptomonas form pre¬ 
dominates; usually passed in feces, in 
cystic form, which is taken up by other 
flies; believed also to occur, though 
confusion of species is probable, in M. 
ncbulo, M. htimilis, and other mus- 
coids; adult flagellates and precystic 
forms also infective; has been cultured 
artificially 

Burnett (1851, 1852); 
Leidy (1856); Stein 
(1878); Kent (1880- 
1882); Grassi (1879, 
1882); Becker (1923a, 
b); Drbohlav (1925); 
Glaser (1922); Pat¬ 
ton (1921a); Hoare 
(1924); Packchanian 
(1944); Root (t92r) 

Herpetomonas hiciliae 

M. domestica infected in laboratory by 
feeding on gut contents of Lucilia seri- 
cata, a natural host 

Fantham and Robert¬ 
son (1927) 

Trypanosoma c van si 

Positive transmission when M. domes¬ 
tica fed at bites of Stomoxys calcitrans, 
then visited wounds of healthy animals 

Mitzmain (1916) 

Trypanosoma hippicum 

Transmitted to healthy mules by flies 
fed on sores of infected animals 

Darling (19123,11, 
i 9 ' 3 ) 


Sporozoa 


Octosporea muscae- 

Found in gut and germ cells of flies 

Steinhaus (1946) 

domesticae 




Special Remarks on the Genus Herpetomonas 
As indicated above, Herpetomonas muscarum appears in the literature more 
often than any other protozoan parasite of flies. Macfie (1917) found 42.5 per 
cent of Musca domestica collected from butchers’ stalls to be heavily infested 
with H. muscae domesticae, as the species was then called. Workers of that 
day were much concerned with the possible relationships between these 
flagellates and leishmaniasis in man, an hypothesis later abandoned when 
Phlebotomus was established as the true vettor of Leishmania. It should be 
mentioned that counts are not always as high as reported by Macfie. De Mello 
and Jacques (1919) found the parasite present in less than 1 per cent of the 
flies which they examined. These authors remarked the extreme polymor- 
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phism of the species and the great length of the flagellum. Fantham (1922) 
found Herpetomonas in only 4 out of 286 flies examined over a two-year 
period. 

Ross and Hussain (1924) put forward some rather revolutionary ideas on 
the biology of Herpetomonas. In these experiments 7,000 flies were examined, 
of which 50 per cent proved to be infected. These authors demonstrated that 
the flagellate stage is ephemeral, continuing for perhaps not more than six 
hours. They state that reproduction takes place chiefly in the loose areolar 
tissue beneath the lining membrane of the intestine, which makes the organ¬ 
ism less an intestinal parasite than a tissue invader. As described by Ross and 




Figure fc. Flagellates parasitic in muscoid flies. Upper: Herpetomonas tnus- 
curum (muscae-domesticae). (After Calkins, Biology oj the Protozoa, courtesy 
of Lea & Fehiger.) Lower: Herpetomonas calliphorae. (Redrawn from Graham- 
Smith, Flies in Relation to Disease [Cambridge University Press, 1914], after 
Swellengrehel.) 

Hussain, the life cycle is a rather elaborate one, with sexual phases. These 
findings are somewhat at variance with those of Drbohlav (1926), who ex¬ 
amined 250 infected specimens of Lucilia sericata. He considered the parasites 
to be limited to the lumen of the alimentary tract, as he was unable to find 
them in the cells of the intestine, in the ova, in the ovary, or in other organs, 
even by culture methods. According to Drbohlav’s observations, flagellated 
forms predominated in the foreintestine, and round forms in the posterior 
intestine and rectum. 

Glaser (1926b) succeeded in culturing Herpetomonas free from bacteria, 
using as a medium the larval blood of the silkworm, Bombyx mori. After 
forty-five days the mobile forms were fewer, while the leishmania type, which 
he considered a resting stage, began to predominate. An inoculation of blood 
agar with such material resulted in the production of flagellated types within 
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a period of one or two days. Nogouchi and Tilden (1926) developed serolog¬ 
ical and fermentation tests for differentiating the true herpetomonads of in¬ 
sects from developmental stages of the genus Leishmania. Among other 
characteristics, the leishmanias developed more slowly at 37°C (98.6°F) than 
did Herpetomonas. In the same year Nogouchi described three new species, 
based on biological tests. Herpetomonas muscidarum, from houseflies, fer¬ 
ments fourteen different carbohydrates; H. media, from Calliphora, seven; 
H. parva, also from Calliphora, six. It appears to be well established that cer¬ 
tain species occur both in insects and in plants. 

In 1937 Bellosillo studied H. muscarum as entozoic in Lucilia, in which 
genus he found 99 per cent of both spring- and fall-collected flies infected. He 
had no difficulty in demonstrating infection through the ingestion of flagel¬ 
lates excreted by flies on food. Larvae, in general, he found uninfected in 
nature, and he concluded that no hereditary transmission occurred. Confusion 
of Herpetomonas with Trypanosoma was reported by Packchanian (1944), 
who showed that human blood films contaminated with H. muscae domes- 
ticae through exposure to flies may he wrongly diagnosed as positive for 
Trypanosoma cruzi by technicians not thoroughly familiar with flagellate 
morphology. 

Platyhelminthes and Nemathelminthes 
Hall (1929) lists the following species of helminth parasites as definitely 
dependent on the genus Mttsca for development and transmission : 

Species of Fly 
Musea bezz't (sic) 

Musca domestica 


Musca fergusoni 
Musca humilis 

Musca lusoria 


Helminth Parasites 
Habronema spp. 

Choanotaenia infundibulum 
Davainea tctragona 
Davainea cesticillus 
Habronema microstoma 
Habronema megastoma 
Habronema muscae 

Habronema megastoma 
Habronema muscae 

Habronema megastoma 
Habronema muscae 

Habronema megastoma 
Habronema muscae 
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Species of Fly 

Musca terrae-reginae 
(sic) 


Musca ventrosa 


Helminth Parasites 

Habronema megastoma 
Habronema muscae 
Agamospirura muscarum 

Habronema megasloma 
Habronema muscae 


Musca vctustissima Habronema megasloma 

Habronema muscae 


Of the three tapeworms, two— Davinea tctragona and D. cesticillus, para¬ 
sites of chicken, turkey, and guinea fowl—fall in the family Davainiidae. The 
other, Choanotaenia infundibulum, a chicken parasite, belongs in the Hy- 
menolepididae. 

The nematodes of the genus Habronema, which in the adult stare are para¬ 
sites of horses, asses, and mules, classify in the Spiruridae, a group dependent 
very largely on Coleoptera for the continuation of their life cycles, though four¬ 
teen species of flies do serve as vectors of the genus. The remaining species, Ag¬ 
amospirura muscarum, is of uncertain taxonomic position, falling somewhere 
close to the Dracunculidae. Its primary host is likewise very much in doubt. 

The literature on habronemiasis is rather extensive. 

The first satisfactory account of the life history of these parasites of horses 
and mules was given by Ransom in two publications (1911, 1913). The larvae 
of the roundworms fall to the ground with the feces of the vertebrate host, and 
later enter the bodies of fly maggots which develop from eggs laid on the 
manure. The parasites grow as metamorphosis proceeds. In the adult fly, they 
are found largely in the head and proboscis, but may also occur in the thorax 
and in the alimentary canal. The mature larvae escape from the fly’s proboscis 
when the latter visits the horse’s mouth. Johnston (1913) recorded what he 
believed to be the same species affecting sheep in Australia, and noted that 
both Musca domestica and Stomoxys calcitrans carried the parasite. He also 
found a similar larva in the head of Musca vetustissima, which is a great fre¬ 
quenter of the eyes of cattle. A similar record was published by Beal ( 19T5), 
who studied an epidemic of verminous enteritis among sheep in Senegal. He 
identified the parasites as Spiroptera microstoma or S. macrostoma. Contem¬ 
porary workers differed as to whether these forms might be considered co¬ 
specific with Habronema muscae. 

Hill (1918), working in Australia, added considerable information relative 
to the life cycle of Habronema. He revealed that the larvae remain infective 
for eight days after leaving the rectum of the horse. There is a preliminary 
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development in the manure before the parasite invades the maggot host, which 
apparently must be at least 48 hours old. Hill suggested that the horse acquires 
the stomach worms by ingesting either living or dead flies, perhaps at water¬ 
ing troughs or in fodder. Habronema megastoma and H. microstoma he con¬ 
sidered separate species, the first spread probably by M. domestica, the latter 
certainly by Stomoxys calcitrant. Transmission by the swallowing of flies, 
plausible as it seems, must take place rarely, if at all, as no fly has ever been 
found in a horse’s stomach. An alternative suggestion by Place (1915) that 
horses acquire infection by devouring chaff into which the larvae have been 
discharged also lacks convincing proof. Saceghem’s work (1917, 1918) estab¬ 
lished that all three species are carried by M. domestica in the lower Congo. 
Both horses and donkeys may harbor H. megastoma, but microstoma and 
muscae he found in horses alone. Saceghem found that only horses in stables 
contracted the condition known as dermal granulosis. This is due to the great 
concentration of flies, by which a heavy nematode infection is brought about. 
The larvae, on entering a previously existing wound or scratch, cause inflam¬ 
mation which leads to enlargement of the wound, with opportunity for en¬ 
trance of numerous additional larvae at the same point. In a later publication 
(1919), Saceghem advocated a paste to protect such wounds from further 
visitation by flies. This consists of 100 parts plaster of Paris, 20 parts alum, to 
parts naphthaline, and 10 parts quinine or some other bitter powder. The 
preparation is curative, if applied until all signs of exudation have disappeared. 
Bull (1919), in discussing habronemic granuloma, advocated excision, where 
location of the lesion permits. 

Johnston’s further work (1920b) found many species of flies to be capable 
of harboring Habronema larvae and acting as intermediate hosts. He pointed 
out that infested flies do not live long, which accounts for the low percentage 
of parasitism among flies collected in nature. When the larvae escape into the 
horse’s mouth, they are swallowed and, having reached the stomach, develop 
into mature worms. Those larvae which invade wounds or scratches, thereby 
causing some form of granuloma, eventually die off, as there is no way for 
them to continue their life cycle. Under range conditions, habronemic granu¬ 
loma, also called swamp cancer, is believed to be transmitted chiefly by 
Stomoxys calcitrant, Musca vetustissima, and M. fergusoni, with the latter 
more important north of 25° S latitude. The following year Johnston and 
Bancroft listed M. domestica, M. humilis, M. lusoria, M■ terrae-reginae, M. 
hilli, and Sarcophaga misera, also a species of Pseudopyrellia, as hosts to 
Habronema muscae and H. megastoma, with Stomoxys calcitrant and pos¬ 
sibly Lyperosia exigua as transmitters of microstoma. They also discuss 
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habronemic conjunctivitis, which results when the larvae escape into the eye. 
Roubaud and Descazeaux (1921, 1922a,b) distinguished between cutaneous 
habronemiasis, produced when flies alight on wounds, and pulmonary habro¬ 
nemiasis, which results when the larvae escape into the nostrils. In neither case 
does the larva complete its development. The same authors throw considerable 
light on the behavior of the parasite in the insect host. Habronema mega- 
stoma is a parasite of the Malpighian tubes and causes a tumor in that loca¬ 
tion. Habronema muscae and H. microstoma, on the other hand, parasitize 
the adipose tissue. 

Roubaud and Descazeaux believed seasonal conjunctivitis of man in hoc 
regions to be due to Habronema infection. In the same year (1922), Bull sug¬ 
gested that the fairly common “bung eye” of Australia should be investigated 
with a view to establishing Habronema as the etiological agent. 

More recent publications record habronemiasis from various parts of the 
world. Ware (1924) reports H. microstoma from the stomach of a horse in 
England. Habronema megastoma was reported by Pheloukis and Knitbakis 
(1942) as probably the only species occurring in Greece. Twelve per cent of 
the houseflies caught in the vicinity of stable manure proved to be infected. 
Iwanoff (1934) described sores on cattle in Bulgaria as being due to nematode 
larvae carried by Stomoxys calcitrans and Musca domestica. In his collections, 
5 per cent of the flies were infected. Cattle so affected yielded inferior hides. 
Schwartz and Cram (1925) collected all three species of parasites from horses 
in the Philippines. They noted that H. megastoma may be-distinguished from 
the others by its smaller size and also by its residence in tumors in the gastric 
mucosa of the host. Habronema muscae and H. microstoma occur either at¬ 
tached to the mucosa or free in the lumen of the horse’s stomach. South Ameri¬ 
can studies were carried on by Margarinos Torres (de Magarinos Torres), 
who found 7.8 per cent of the horses examined in Rio to be infected (1923). 
Of 164 adult specimens of Musca domestica, 18.9 per cent carried the larvae 
of H. muscae in their heads. This author considers M. domestica to be the 
principal, if not the sole, vector of habronemiasis in Brazil. His later publica¬ 
tions (7925a,b) deal with attempts to discover the factors that cause the mature 
larvae to leave the proboscis of the fly. Temperature and relative humidity 
were already known to be important. Margarinos Torres showed that horse 
blood, even if cold, will stimulate the ejection of larvae if the humidity is 
proper. He used this means of obtaining larvae for study without killing the 
insect host. Blood samples from rabbit, guinea pig, and man all proved nega¬ 
tive, an observation which led him to conclude that bleeding wounds of man 
are in no danger of becoming contaminated with H. muscae in nature. 
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Further information on the spontaneous ejection o£ the larvae has been 
brought forward by De Mello and Pereira (1946), who carried out a number 
of experiments with infected flies, which they allowed to feed on a variety of 
liquids at controlled temperatures. They found that larvae escaped only when 
the temperature of the air was at or above 22°C (7t.6°F) and that of the liquid 
at or above 23°C (73.4^). Even a very favorable temperature, however, failed 
to induce their emergence when the flies fed on the blood, plasma, or serum 
of man, rabbit, guinea pig, cow, or swine, or solutions of milk (natural or 
condensed), dextrin, sugar, or honey. The larvae left the proboscis, however, 
when the proboscis was deeply immersed in warm saline, or in the blood, 
plasma, or serum of horses and asses. The sweat of horses failed to stimulate 
the larvae; in fact, the flies showed little appetite for it. Neither did saliva, 
human or equine, provide the necessary stimulus. 

The only generalization which these authors suggest is that escape is de¬ 
pendent on the fly’s remaining motionless for a considerable period of time, 
with the proboscis deeply immersed in the food material. It was noted that 
in all cases where larvae failed to emerge, the feeding was intermittent, with 
the proboscis barely touching the surface in most instances. De Mello and 
Cuocolo (1943a,b) also developed an improved technique for “xenodiagnosis,” 
which will be briefly described: 

Fly eggs are placed on horse dung in the bottom of a cylinder. At the top is 
placed an inverted funnel, with the stem capped by a test tube. The emerging 
flies, which make their way to the test tube, are then dissected for parasites. 
All flies in a batch are usually infected, if any are. As many as 60 larvae have 
been found in one fly’s head. By such a procedure these workers found 87 out 
of 150 horses to be parasitized. Fifty-one donkeys proved to be 100 per cent 
infected. Care must be exercised to distinguish larvae of Habronema from 
those of other nematodes. The senior author (1946) recommended treatment 
of infected horses and asses with 30-40 gm. of phenothiazine or careful ad¬ 
ministration of arsenious acid. Simultaneous treatment of the environment to 
reduce the fly population is obviously desirable. 

De Mello and Cuocolo proved definitely that the spirurid larvae never pene¬ 
trate the chorion of the fly’s egg. It is their opinion that the maggots usually 
ingest the parasites, sometime between the first and third day after hatching. 
The localization of H. muscae larvae in the fat body of the maggot causes 
necrosis, followed by the formation of cystlike bodies, in which the parasites 
remain until the pupal stage is past. The cysts then break open, and the larvae 
migrate to the head region of the fly. This migration is normally completed 
by the third or fourth day of the fly’s adult existence. 
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Modern authors prefer to regard H. megastoma as falling in a separate 
genus, Draschia (Nicol, 1946). 

Gapeworms of Poultry 

Clapham (1939) has shown that flies may function as intermediate hosts of 
Syngamus trachea, parasite of the respiratory passages of barnyard fowl. 
While it is recognized that there can be direct transmission from bird to bird 
by ingestion of the eggs, snails, slugs, earthworms, and insects are frequently 
involved. In the experiments concerned, larvae of both Musca domestica and 
Lucilia sericata were reared on meat that had been spread with eggs of 
Syngamus. Twelve maggots were sacrificed and proved to contain one para¬ 
site larva each. After transformation, twelve flies were dissected, of which ten 
were found positive. Six chicks were fed 20 maggots each, and all developed 
gapes. A similar number were each given reared adults, and five developed 
the disease. Clapham states that infected maggots showed no reduction in 
activity as a result of being parasitized, but that the adult flies were rendered 
sluggish and therefore became much easier for the birds to catch. 

Cestode Parasites 

In 1892 Grassi and Rovelli found in the body of Musca domestica larvae 
whose scolices resembled those of the chicken tapeworm, Choanotaenia in- 
fundibuliformis (Goeze). Various observers subsequently confirmed the re¬ 
lationship. Gutberlet gave important data on the morphology of the parasite 
and stressed its transmission through Musca domestica. Ackert (1918) demon¬ 
strated that the housefly may transmit another fowl cestode, Davainea cesticil- 
lus (Molin). In these experiments flies were placed in lantern globe cages and 
given living onchospheres and portions of teased proglottids. When these flies 
died, some were sectioned, to prove the presence of larvae, while others were 
fed to birds. Nine of twelve chickens developed the cestodes, while control 
birds remained parasite-free. The following year, Ackert obtained similar data 
for the related species Davainea tetragona (Molin). A practical treatise on dis¬ 
eases of poultry by Bushnell and Hinshaw (1924) lists houseflies and stable flies 
as important intermediate hosts of bird tapeworms. 

Modern confirmatory experiments have been performed in Kansas by Reid 
and Ackert (1937) and by Case and Ackert (1939). The latter authors point 
out that though houseflies serve as important intermediate hosts of C. infundi¬ 
bulum (Block) and other fowl cestodes, various species of beetles, flies, ants, 
snails, slugs, grasshoppers, and earthworms also serve in that capacity. In 
modern publications Davainea cesticillus is referred to the genus Raillietina. 
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Helminths Affecting Man 

The relation of flies to human infection will be treated at greater length in 
the chapter that follows, but a few remarks seem in order at this point. In no 
case is the fly a cyclical host of any of the helminths affecting man. The trans¬ 
mission is purely mechanical. Nevertheless, a considerable number of species 
may be involved. Vaillard (1913) called attention to the fact that flies may 
transmit the ova of Oxyuris ( Enterobius ), Trichocephalus, Taenia echinococ¬ 
cus, and Taenia ( Hymenolepis ) nana. Shircorc (1916) reported finding ova of 
Trichocephalus dispar, Taenia saginata, or Ancylostoma duodenale in 10 
out of too houseflies collected in a native hospital. Two flies out of 25 taken in 
a meat market were also positive. One specimen contained ova of Schistosoma 
mansoni. Shircore notes that the ova of Trichocephalus can withstand putre¬ 
faction in the bodies of dead flies for perhaps 60 days. He also found that 
female flies carry helminth ova more commonly than do males. 

Podyapolskaya and Gnedina (1934) studied transmission by both Musca 
domestica and Calliphora erythrocephala. The flies were permitted to feed on 
feces known to contain ova of Ascaris, Enterobius, Trichuris ( Trichocephalus ), 
and Diphyllobothrium and were later examined microscopically. No eggs 
were recovered from the proboscis, but all except Trichuris were found ad¬ 
hering to legs and wings. Many ova appeared in the droppings of Calliphora 
but not of Musca, indicating that the mouth aperture of the latter is rarely 
large enough to admit the eggs of helminths. Eggs of the liver fluke, Dicro- 
coelium lanceolatum, were found in droppings collected on glass slides in an 
abattoir. An egg of Trichuris trichiura appeared in a fly speck collected in a 
similar manner from a dining room. 

Pokrovskii and Zima (1938) obtained similar evidence for transmission of 
Hymenolepis, Enterobius, Diphyllobothrium, and other species. Carriage on 
the body surface proved much more important than ingestion, at least for 
Musca domestica. Of 2,531 houseflies dissected, only n contained helminth 
ova. The percentage of flies carrying ova externally was higher in food shops 
than elsewhere, showing the need for protection of foodstuffs from con¬ 
tamination by flies. 

MACROSCOPIC ORGANISMS BIOLOGICALLY RELATED 

TO FLIES 

Arthropoda 

Of the thirteen classes of Arthropoda, three are represented among the 
organisms so associated with M. domestica as to be worthy of mention in 
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this place. These are the Chilopoda, Arachnida, and Hexapoda (Insecta). 

Chilopnda. The relation of centipedes to common flies centers largely in 
the genus Scutigera. In most parts of the United States except the West, 
Scutigera forceps is a frequent inhabitant of human houses. It is an agile, 
somewhat delicate centipede, with legs which are very long and slender, 
especially the more posterior pairs. This species feeds on small household in¬ 
sects such as young cockroaches, clothes moths, and houseflies. Its numerous, 
jointed legs are useful in the capture of prey. 

In France Scutigera coleoptera is a common centipede that frequents privies 
and is especially active at night, feeding on the muscoid fly Fannia scalaris, 
which breeds in human filth. 

Scutigera smithii is an Australian species that feeds on houseflies by night. 

Howard and Hutchison (1917) listed a number of known enemies of the 
housefly, including Scutigera forceps, which they credited with destroying 
large numbers of adult flies. 

Arachnida. The arachnids that bear a biological relationship to flies fall in 
three orders, the Acarina, the Pseudoscorpionida, and the Araneida. 

the acarina. The Acarina, or mites, are represented by a number of forms 
that are found, more or less frequently, attached to the bodies of adult flies. 



Figure $j. Mites, probably Gamasidae, attached to muscoid fly. The six-legged larvae 
attach by their mouth parts and suck up the juices of the fly. Adults of these forms are 
free-living. (From Hewitt, The House-Fly [Cambridge University Press, 1914]; also 
observed in nature.) 
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It is usually the six-legged larva which parasitizes the flies, the adult mites 
being free-living. Such larvae suck up the juices of the host by means of their 
threadlike mouth parts. A number of species also appear to use flies merely 
for transport. The passengers are usually the hypopus or hard-shell stage of 
various species which feed normally on cheeses, hams, and other food¬ 
stuffs. 

A partial list of the mites recorded in literature as attached to hosts of the 
housefly type is given in Table 14. 


Tabic 14. Miles taken on houseflies. 


Species or group 

Relationship and comments 

Authority 

A earns reflexus 

Larval form on body of fly 

Attimonelli (1940) 

/Icarus muse arum 

On head and neck of Muse a domcstica 

Linnaeus (1758) 

“Brown fly-mite’’ 

On Musca domcstica 

Geoffrey (1764) 

T rombidium 
parasiticum 

Blood-red larvae, on housefly 

Murray (1877) 

Atoma ( Astoma) 
parasiticum 

Believed the same species as Trombidium 
parasiticum 

Latreille (1795) 

Atomus 

parasiticum. 

Nomenclature credited to Latreille 

Howard (rgua) 

Trombidium 

mu sc arum 

Reared and named by Riley from numerous 
harvest-mite larvae found dinging at base 
of wing 

Howard (7911a) 

T rombidium 

musette 

Named by Oudemans from larvae found 
on houseflies in Holland 

Howard (191 ra) 

Trombidium spp. 

Larvae attached to body and wings of 
Musca domcstica 

Hewitt (1914a) 

Pigmeophorus spp. 
(Tarsonemidae) 

Cling to abdomen of fly; not certain 
whether fly is true or transport host 

Howard (:911a) 

Tyroglyphus spp. 

Plypopus (migratory nymph) stage attaches 
to body of fly 

Howard (1911a) 

Histostoma 

muse arum 

Proper generic position for adults of Acarus 
muscarum L., reared from Muscina stable 
Ians 

Berlese (1912) 

Gamasidae 

Immature forms swarm on flies emerging 
from rubbish heaps 

Banks (1905) 

Gamasidae 
(similar to 
Dinychella 
asperata Berlese) 

Immature forms attached by mouth be¬ 
neath abdomen of Fannia canicularis 
(lesser housefly) 

Hewitt (1914a) 
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Tabic 14. Mites taken on houseflies. ( continued) 


Species or group 

Relationship and comments 

Authority 

Maci'ocheles 

muscae 

(Gamasidae) 

Larva always attaches at base of abdomen, 
ventral side, facing forward; true parasite 

Ewing (1913) 

Gamasidae 

Affects Muscina stabulans in early June 

Hamer (1910) 

Trombidium sp. 

Larva attached to right anterior tibia of 
Musca domestica 

Berlese (1912) 

Holostaspis 

marginatus 

Herm. 

Migratory form attached to left hind tibia 
of M. domestica 

Berlese (1912) 

Thrombidium 

muse arum 

Riley 

Confined to single host, M. domestica; 
never known to attach to man 

Ewing and 

Hartzell (19x8) 

Unidentified 
red mite 

^ Frequent on M. domestica in Amoy, South 
China 

Feng (Lan-chou) 
(i 933 ) 

Holostaspis 

badius (Kocli) 
(Gamasidae) 

M. domestica heavily infested in autumn, 
in Venetia and Lombardy 

Zanini (>930) 

Macrocheles m us- 
cacdomesticae 
Scopoli 

Immature stages attack ova of M. domestica 

Pereira and 

De Castro (ig 45) 


Pereira and De Castro (1945) consider Macrocheles muscae Ewing and 
Holostaspis badius Koch as synonyms of M. muscaedomesticae Scopoli, which 
they record as a fairly common arthropod enemy of the housefly in Brazil. 
The females gain transportation by attaching to the bodies of the adult flies. 
According to these authors, the mites must have food in order to deposit 
their eggs, which are produced at the rate of one a day. Incubation requires 
five to six hours. The larva, which takes no food, molts at the end of six hours 
to produce the protonymphal form, which feeds freely. This stage and the 
deutonymphal stage which follows require one day each. Eggs of M. domestica 
constitute the principal food of all the feeding stages. Occasionally a first- 
stage maggot is attacked, but adult flies are used for transportation only. A 
considerable number of Coleoptera and Diptera have been recorded as carry¬ 
ing the adult mites. Obviously the life cycle can go on only in an environment 
suitable for the deposition of fly eggs, as in horse dung. Female mites are 
stated to live longer and feed more voraciously than males. The species is 
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believed to destroy large numbers of ova. The mites often leave them half- 
devoured. 

pseudoscorpion Ida. Donovan (1797) was perhaps the first to record the 
attachment of false scorpions to muscoid flies. Kirby and Spence (1826), 
Moniez (1874), and Pickard-Cambridge (1892) stressed the significance of 
the relationship in effecting dispersal of the chelifers from one breeding 
habitat to another. An early specific reference to houseflies was published by 



been observed to devour dead specimens. 

De Borre (1873b), in which he recorded Chelijer panzeri Koch as attached 
parasitically to Musca domestica. Kew (1901) summarized existing knowl¬ 
edge of the occurrence of pseudoscorpions on various insect hosts, and com¬ 
mented on their habits and behavior in Lincolnshire, England. 

Pseudoscorpions differ from true scorpions in having the abdomen robust 
for its entire length and in the absence of a caudal sting. They are also rela¬ 
tively minute, which makes it rather easy for them to attach to other arthropods 
for transportation. As found on flies, they are always attached by their claw¬ 
like pedipalps. Godfrey (1909) studied the habits of the false scorpions of 
Scotland, and records that the common Cherries nodosus lives mostly in 
refuse, manure heaps, and decaying vegetation. When flies visit such situations 
for oviposition, the Cherries has a good opportunity to seize their legs. An 
even better opportunity is afforded as teneral flies emerge from the pupal case. 

Although pseudoscorpions feed freely on small insects, there is no evidence 
that they ordinarily succeed in piercing the integument of flics. The chief 
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benefit to the chelifer is therefore dispersal of its species. On the other hand, 
they are known to remain attached to the transport host until the death of 
the latter, after which they not infrequently feed upon the dead fly. By this 
they become scavengers, rather than parasites. Hewitt (1914a) points out 
that since as many as ten may be attached to a single fly, the life of the latter 
may well be shortened by the burden, through interference with normal 
activity. It has not yet been demonstrated that pseudoscorpions feed upon 
the mites which may attach to flies, as they do upon the Acarina that infest 
beetles. Hickson (1905) has pointed out that if this should occur, it would 
place the pseudoscorpion in the list of species favoring the survival of the 
fly I 

araneida. The use of flies as food by many families of spiders is common 
knowledge. Especially well known are the garden spiders of the family 
Epeiridae, which spin the beautiful orb webs. Epeira sericata, for example, 
usually chooses a site on or near buildings, and is frequently found on porches. 
But other groups are great flycatchers also. Any of the species that spin webs 
are likely to take their toll of flies along with other species of insects which 
become entangled in their snares. It is not possible to say that any spider, 
given a choice, actually prefers Diptera to other prey, but doubtless house¬ 
flies are among the more desirable items, as their integument is easily pene¬ 
trated and the body juices are readily sucked out. 

Non-web-spinners, such as the jumping spiders (family Attidae), also cap¬ 
ture flies in great numbers. Their agility and skill are sometimes remarkable. 
Hewitt (1914a) specifically mentions that Salticus scenicus, a small species, 
has successfully captured flies almost twice its size. 

Howard (1911a), quoting Banks, makes particular mention of Theridium 
tcpidariorum, which locates its webs in the upper corners of rooms; Steatoda 
borealis and Teutana triangulosa, which prefer recesses behind furniture; and 
Agalaena naevia, which usually spins its web in outhouses or summer kitch¬ 
ens. All of these capture flies, those which build in most exposed places taking 
the larger toll. It is not possible to consider spiders as a very significant factor 
in the control of fly populations under civilized conditions, for the better 
the housekeeping, the fewer the webs remaining to capture flies. 

Of special interest in Mexico is Coenotele gregalis E. Simon, a tiny spider 
which, living socially, produces a nest sometimes forty cubic feet in bulk 
and of a consistency resembling sponge. Shade, high relative humidity, and 
a living tree provide ideal conditions for nest building. The toll in prey is said 
to be enormous. A larger spider, Poecilochroa convictrix E. Simon, is asso¬ 
ciated as a commensal, while a small clavicorn beetle, Corticaria nidicola 
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Grouv., keeps the nest clean by consuming the dead flies after the spiders 
have sucked out the juices of their victims. Diguet (1915a,b) notes that if the 
beetles are absent, the cleaning function is performed by migratory ants. 
Poecilochroa appears to perform a real service by attacking prey too large for 
Coenotele to handle. 

Hcxapoda. Of the thirty or more orders of insects now recognized, rela¬ 
tively few include species that can be classed as parasites or predators of 
houseflies. The following discussion makes mention of the Orthoptera, 
Odonata, Anoplura, Hcmiptera, Dermaptera, Coleoptera, Diptera, and Hy- 
menoptera, of which the last fills by far the most important place. 

orthoptera. One family of this order, the Mantidae, is predaceous in its 
habits and, when opportunity affords, attacks flies as well as other suitable 
prey. In certain parts of India it has long been the custom to employ a species 
of praying mantis to reduce houseflies about human dwellings (Hewitt, 
1914a). It is doubtful if this method of control was ever very effective, but 
combined with other factors it may be significant. 

onoNATA. Dragonflies are well known as destroyers of insect life. Since they 
appear somewhat partial to both mosquitoes and flies, the medical entomolo¬ 
gist may well count them as friends of man. According to David and Marian 
Fairchild (1914), a single dragonfly may consume as many as forty flies in 
the space of two hours. When one considers the many long days of summer 
during which vast numbers of Anisoptera are on the prowl, the total destruc¬ 
tion of common flies must truly be significant. Dragonflies habitually capture 
their prey while on the wing. 

anoplura. Records of true lice attaching to flies are few and of scant sig¬ 
nificance. For completeness’ sake, however, it should be mentioned that Leon 
(1920) proved it possible for human body lice to be transported by houseflies, 
and that Bedford (1929) recorded immature individuals of Linognathus 
vituli L. as attached to Musca interrupta Walker ( lasiopthalma Thoms.) at 
Capetown. In neither case does it appear that the flies were in any way incon¬ 
venienced or affected by the parasites. 

itemiptera. To date 1 have encountered but a single reference indicating 
that Hemiptera feed on houseflies. The record pertains to laboratory experi¬ 
ments carried on by Uribe (1926) concerning the transmission of Trypanosoma 
cruzi, causative agent of Chagas T disease. Uribe found that Musca domestica > 
was acceptable food for Apiomerus pilipes, the reduviid host under investi- 1 
gation. Whether this or any other reduviid feeds regularly on houseflies in 
nature is exceedingly doubtful. 

dermaptera (euplexoptera) . The natural habits of these forms take them 
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frequently into situations where dipterous larvae may be found. Hewitt cites 
Compere (1912) as recording the destruction of stable fly maggots by earwigs 
in southern China. It was Compere’s opinion that earwigs were important in 
controlling the housefly population in Hong Kong, but most entomologists do 
not consider that Dermaptera exercise a very strong influence in this direc¬ 
tion, in the Far East or elsewhere. 

coleoptera. Predaceous beetles apparently do much to reduce housefly 
populations under favorable circumstances. Venables (1914) studied the habits 
of Tenthredo variegatus and found that this species fed voraciously on house¬ 
flies, at least under laboratory conditions. The beetle first makes a wound 
in the body of the fly and then extracts the internal tissues, leaving the chiti- 
nous exterior. 

Lever (1938) reported on the predatory habits of Hister chinensis, a coleop- 
teran that was introduced into Fiji from Java to assist in the control of Musca 
domestica vicina, H. chinensis feeds particularly on the maggots. The preda¬ 
tors burrow continually in dung in pursuit of the fly larvae, a habit that 
works to their advantage, as otherwise they would be devoured in large num¬ 
bers by giant toads (Bufo marinus'). The importation into Fiji appears to 
have come out of a suggestion by Simmonds (1932), who cited the successful 
use of dung beetles against Lyperosia irritans in the Hawaiian Islands. Sim¬ 
monds himself (1940) reports that a single individual of Hister chinensis will 
devour from ten to twenty full-grown maggots within twenty-four hours, 
but can, if necessary, survive without food for fifteen days. Whereas this 
species is quite effective against houseflies in Java, the climate does not seem 
to be too satisfactory for its establishment and increase in Fiji. 

Carrion-breeding Diptera are also held in check by Coleoptera. Kryz- 
hanovskii (1944) records three species of Saprtnus (Histeridae) as destroying 
the larvae of Lucilia, Sarcophaga, and Chrysomyia. 

Howard (1911a) mentions certain Carabidae, of the genera Harpalus, 
Platymus, and Agonodertts, as feeding on fly larvae; both larvae and adults 
of Staphylinidae were similarly engaged. An interesting early record by 
Packard (1874) reports a beetle pupa within the puparium of a housefly. 

A dung beetle, Copris incertus var. prociduus Say, introduced into Fiji in 
1929 does not seem to have proved of much value in fly control. 

diptera. Portschinsky, in two interesting papers (1913a,b) describes the 
| activities of certain dipterous larvae that destroy the maggots of other species. 
Most important is Hydrotaea dentipes, the larvae of which become predaceous 
in the third instar. They were observed to attack the maggots of Stomoxys and 
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Lucilia, as well as those o£ Musca domestica, and Portschinsky believes that 
this species constitutes a very important check on the natural increase of the 
latter. The larvae of Hydrotaea develop slowly. In one experiment a genera¬ 
tion of third-stage larvae devoured three consecutive broods of Musca do¬ 
mestica before transforming. They have never been known to destroy one 
another. The adult flies do not enter human dwellings and are not annoying 
to man in any way. 

The second paper deals with the biology of Muscina stabulans, which also 
has predatory habits in the third larval stage. Muscina larvae pursue and at¬ 
tack the larvae of Musca domestica (and other species), exterminating all that ■ 
they can find. The technique employed by the attacker is rather interesting. 
The Muscina larva, having made contact with the victim, twists itself around 
the latter, holding fast by means of small hooldets situated on its ventral 
surface. The Muscina larva then strikes the victim several powerful blows 
with its mouth hooks. This punctures the integument of the housefly larva, 
which ceases to struggle, as its body fluids are lost. The victor is then joined 
by a number of its own species, which share in devouring the spoil. As with 
the larvae of Hydrotaea, no larva of Muscina ever devours one of its own 
species. 

Less definite information is available concerning Calliphora erythrocephala, 
which sometimes breeds in the same situation as M. domestica, Kvasnikova ' 
(1931) noticed that both species were ovipositing on exposed meat but that 
later only larvae of Calliphora could be found; he suggests that the larvae of 
Musca were devoured by those of Calliphora. Lacking definite observation, 
we must consider destruction by Calliphora as only one of several factors that 
might have prevented development of the houseflies. It is possible that the 
medium was not physiologically suitable. 

Adult houseflies, also, have their dipterous enemies. Hewitt (1914c) com- . 
ments on the predaceous habits of Scatophaga stercoraria L. (Cordyluridae). 
These aggressive flies were seen capturing seven or eight species of Diptera, 
including Musca domestica. They apparently have a great preference for 
muscoid flies. After seizing the victim, the predator wraps its legs around 
the prey and then pierces die neck of the latter by blows struck with the 
proboscis. After feeding a short time in this position, the aggressor turns the 
victim’s body over and inserts the proboscis in the conjunctiva between ad¬ 
jacent abdominal segments. Feeding goes on here for a long time, presumably 
until the prey has been sucked dry or until the feeder is replete. 

Both Howard (ipua) and Graham-Smith (1914) make mention of rob- 
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ber flies (Asilidae) as including houseflies in their bill of fare. Hewitt (1914a) 
specifically records Laphria canis Will, as catching and devouring Musca 
domestica. 

hymenoptera. Both predators and parasites are found here. Among the 
first, predaceous ants are probably of greatest importance. Howard (1911a) 
refers to certain Army Medical Corps experiments in the Philippines in 
which it was impossible to rear flies for study unless eggs, larvae, and pupae 
were carefully protected from ants. In the United States Howard lists the 
fire ant, Solcnopsis gemminata diabola, the little black ant, Monomorium 
minimum, and the Argentine ant, Iridomyrmex humilis, as capable of feeding 
on the immature stages of flies. Rather outstanding is the genus Pheidole, 
species of which have been studied by workers in widely separated regions. 
Bridwell (1918) reported Pheidole megacephala, in Hawaii, as penetrating 
the isolated droppings of both horses and cows, where they destroyed not only 
the eggs, larvae, and pupae of Musca domestica, but likewise the newly 
emerged adults. Jepson (1915), reporting from Fiji, called attention to Ill¬ 
ingworth’s observation that houseflies are sometimes controlled by “small 
brown ants,” and Simmonds (1925) gave it as his opinion that the small num¬ 
ber of flies in Fiji (at that time) could be attributed chiefly to the activities 
of Pheidole megacephala, which had been accidentally introduced from 
Hawaii in 1910. Previous to that date Musca domestica had been very abun¬ 
dant in Fiji, and much enteric and ophthalmic disease had been attributed to 
its vectorship. The same author (1928) pointed out ihat these ants arc par¬ 
ticularly effective in removing eggs and larvae from horse droppings, in one 
locality accounting for the destruction of 50 per cent of the immature forms. 
With cow droppings, however, at least in that climate, the situation is differ¬ 
ent, as the surface does not harden quickly enough for the ants to swarm 
over it and remove the eggs before the larvae have hatched and gone deeper. 
In 1940 Simmonds reported that the housefly menace in Fiji had again become 
serious, due to the increased number of cattle, and that new means should 
be sought to effect a natural control. 

A significant observation on the role played by ants in reducing screwworm 
flies is recorded by Lindquist (1942), who found that in Texas Cochliomyia 
hominivorux ( americana ) might be largely prevented from development by 
the activities of ants which become attracted to carcasses where the maggots 
are feeding. Only 4.1 per cent of the larvae survived under such conditions, 
as compared with 93.1 per cent when ants were intentionally excluded. 

In Tajikistan, Kryzhanovskii (1944) records Pheidole pallidula as effective, 
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along with certain Coleoptera, in destroying the larvae of flesh flies and blow¬ 
flies. 

Also predatory in their behavior are certain wasps. Vaillard (1914) mentions 
Bembex as a natural enemy of flies. Jepson (1915) attributed the reduction of 
flies in the province of Bera, Fiji, to the activity of Polistes hebraeus, which 
is predaceous on both larval and adult forms. Parker (1917), in his revision 
of the Bembicine wasps, records Musca domestica as one of eleven species of 
flies found in three nests of Bembex spinolae. According to G. W. and E. G. 
Peckham (1905), a partially grown larva of this wasp succeeded in devour¬ 
ing forty-two houseflies and one large Tabanus in the short space of five days. 

Froggatt (1917) reported fossorial wasps of the genera Stizus and Nysson as 
especially active in capturing Musca autumnalis (corvina') and other small 
flies. 

Vespa germanica Fabr. and Mellinus arvensis L. are both recorded by 
Herold (1922) as preying on houseflies in Europe, while Vespa orientalis is 
considered by Zmeev (1939-194r) as a distributor of dysentery through its 
habit of feeding on filth-frequenting flies. 

In the United States and Canada various species of Vespa have been ob¬ 
served to cut off the wings of captured flies before eating them or carrying 
them away. I have seen this occur repeatedly in camps and cabins, until a 
noticeably large number of wings littered the floor or table. 

hymenopterous parasites. The hymenopterous parasites that attack Musca 
domestica and related forms belong for the most part either to the Cynipidae 
or the Chalcidoidea. Most species of Cynipidae form galls on plants, but the 
Figitines are parasites and of these a number attack flies, especially those 
which breed in excrement. It is the larval stage of the host which is para¬ 
sitized. The minute adult wasps may frequently be seen on or near excreta, 
seeking for maggots on which to deposit their eggs. Parasitized maggots fail 
to survive. 

The Chalcidoidea that parasitize muscoids are pupal parasites. The small 
female wasps deposit their eggs in the puparia of flies, and the parasitic larvae 
develop at the expense of the dipterous pupae, which eventually shrivel and 
die. Oviposition is usually a rather laborious task, involving perforation of 
the integument followed by enlargement of the aperture, before oviposition 
can take place. One common species hibernates as a full-grown larva in the 
puparia of flies, transforming to a pupa in the spring. The literature on 
hymenopterous parasites of muscoids is fairly extensive. To save space, certain 
information is summarized in Table 15. 
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Table 75 


Genus and species 

Explanatory remarks 

References 

Chalcidoidea 

lirhinus pachycerus 

Attacks pupae of Musca, Chrysomyia, 
and Sarcophaga; ignores Stomoxys and 
Drosophila; can locate pupae under 
loose earth 

Roy and Siddons 

(>939); 

Roy et al. (1940) 

{cmilexomyia abrupta 

Scarce parasite of M. domestica in Aus¬ 
tralia 

Johnston and Tiegs 
(1922) 

iormoniclla 

vitripennis 

See also Nasonja 
rcvicornis, which is 
synonym) 

From pupae of several muscoid genera, 
including Musca; contaminates environ¬ 
ment so that other parasites remain 
away; prefers C. erythrocephala, Lucilia 
caesar, and Phormia terra-novae to M. 
domestica; cannot locate pupae 1 mm. 
under sand 

Parker and Thompson 
(1928); James (1928); 
Seguy, W. (1929); 
Smirnov and Kuzina 
(7933); Smirnov and 
Wladimirow (1934); 
WJadimirow and 
Smirnov (1934); 

De Bach (1944); 
Moursi (1946) 

iormoniclla sp. 

Attacks Lucilia and related forms in 
Australia; pupal stage immune to para¬ 
sites on first day and last two days 

Hardy (1924) 

1 uscidijurax raptor 

Reared from puparia of Musca domes¬ 
tica in Illinois; not as prolific as Nasonjh 

Girault and 

Sanders (1910); 
Howard (i9ira); 
Hewitt (1914a); 
Graham-Smith (1914) 

lasonia brevicornis 
Mormontella vitri¬ 
pennis, which see) 

Reared from puparia of various filth¬ 
breeding Diptera in Illinois; parasitizes 
various flies in Australia; may be sec¬ 
ondary parasite on Alysia 

Girault and Sand¬ 
ers (1909); How¬ 
ard (1911a); Hewitt 
(1914a); Graham- 
Smith (1914); Alston 
(1920); Froggatt 
(1921) 

’achycrepoideus 
dubius 

True primary parasite of housefly and 
Sarcophaga spp.; emerges through 
jagged hole in pupal case; destroys 
houseflies in N. Queensland, Australia; 
active in Puerto Rico 

Girault and Sand¬ 
ers (1910); How¬ 
ard (rgrra); Hewitt 
(1914a); Graham- 
Smith (1914); John¬ 
ston (1921); Johnston 
and Tiegs (1922); 
Puerto Rico Report 
(1938); Lever (1945) 


PARASITES, PREDATORS 


261 


Genus and species 

Explanatory remarks 

References 

Prospalangia platensis 

Parasitic on pupae of M. domestica, 
Stomoxys calcitrans, and other flies near 
Buenos Aires 

Brethes (1915) 

Pteromdus sp. 

Bred repeatedly from pupae of Cd- 
liphora erythrocephda 

Graham-Smith (1914) 

Spdangia cameroni . 

Introduced from Hawaii to combat flies 
in Fiji 

Simmonds (1929a,b) 

Spalangia hirta 

Parasite of M. domestica; reduces pu- 
parium to flattened cuticle 

Richardson (t9i3b) 

Spalangia muscae 

According to Sanford, deposits ova in 
puparia of houseflies in United States 

Howard (1911a); 
Graham-Smith (1914) 

Spdangia muscidarum 
(also var .stomoxysiae) 

Bred from pupae of M. domestica, Sto¬ 
moxys calcitrans, and Haematobia ser- 
rata; consumes blood plasma of host; 
occurs in Puerto Rico 

Richardson (1913a,b); 
Bishopp (1913a); 

Pink us (1913); Hew¬ 
itt (1914a); Lindquist 
(1936); Puerto Rico 
Report (1938); Sim¬ 
monds (1940) 

Spalangia niger 

According to Bouche deposits ova in 
puparia of houseflies in Europe 

Howard (rptra) 

Spdangia nigra 

Parasite of M. domestica; reduces pu- 
parium to flattened cuticle 

Richardson (1913b) 

Spalangia 

philippinensis 

Introduced into Hawaii; bred from pu¬ 
paria of housefly and other Muscidae; 
also introduced into Puerto Rico 

Fullaway (1 917); 
Puerto Rico Report 
( 1938 ) 

Spalangia spp. 

From pupae of M. domestica and Sar- 
cophaga, in France; employed to control 
M. domestica and Stomoxys calcitrans 
in Guam; introduced into Fiji from 
Queensland or Hawaii; bred from M. 
domestica vicina in Calcutta 

Simmonds (1922); 
Parker and Thomp¬ 
son (1928); Vanden- 
berg (1930, 1931a,b); 
Roy and Siddons 
(i 939 ) 

Stenomalus muse arum 

Parasite of housefly pupae; found in 
houses with hibernating flies 

Howard (1911a); 
Graham-Smith 
(1914); Waterston 
(1916) 


Encyrtidae 


Tachinaephagus 
giraulti 

Reared from Lyperosia exigua and 1 
Musca domestica 

j Ferriere (1933) 
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Table 15 ( continued ) 


Genus and species 

Explanatory remarks 

References 

Eulophidae 

Syntomosphyrum 

glossinae 

Normal parasite of tsetse fly; reared ex¬ 
perimentally from M. domcstica 

Roubaud and Colas- 
Belcour (1936) 

Diapriidae 

Ashmeadopria sp. 

Ten per cent of M. domestica para- 
si iized in some collections 

Puerto Rico Report 

(1938) 

Cynipidae 

Eucoila impatiens 

Suspected by T. D. A. Cockerell of para¬ 
sitizing M. domestica 

Howard (19113) 

Eucoila sp. 

Parasite of M. domestica in Fiji 

Simmonds (1940) 

Figites anth omyiarum 

Reared from housefly maggots by Rein- 
hard, in Germany; attacks any maggots 
in carrion 

Howard (1911a); 
Flewitt (19143); 
Graham-Smith 
(1914); James (1928) 

Figiles scutellaris 

Reared from housefly maggots by For¬ 
ster, in Europe 

Howard (1911a); 
Hewitt (1914a); 
Graham-Smith (1914) 

Figites striolatus 

Reared from M. domestica 

Hewitt (1914a) 

Kleidotoma marshalli 

Attacks almost any dipterous larvae 
found in carrion 

James (1928) 

Kleidotoma sp. 

Attacks nearly all maggots found in 
carrion 

James (1928) 


Braconidae 


Alysia manducator 

European species; parasitizes all flies; 

Froggatt (1921); 


attacks full-grown maggots 

James (1928) 


Vertebrate Enemies of Houseflies 

The consumption of flies or larvae by fishes is purely accidental and cannot 
be considered to have a bearing on natural control. Manure, containing mag¬ 
gots, occasionally falls from a manure spreader or cart as it crosses a bridge or 
ford, and fish may consume the floating insects, but such incidents are too 
rare to be significant. .... 

Amphibians and reptiles, on the other hand, are great devourers of flies. The 
aquatic or semiaquatic habitat of most species.of frogs operates against their 
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including any great number of houseflies in the dietary, but the common 
garden toad, Bufo americana, is often found near the doorstep or stable and 
feeds eagerly on Musca domestica whenever it can. Under tropical conditions 
it is not uncommon to find small lizards in and about the native houses, where 
they destroy large numbers of flies. Both amphibians and reptiles rely chiefly 
on their sticky, extensible tongues to make contact with the insect prey. 

Most insectivorous birds seem not to prefer houseflies, but this is due largely 
to the fact that Musca domestica is rarely present in numbers in those areas 
in which the birds prefer to feed. Houseflies have been found in the stomachs 
of the palm warbler, white-eyed vireo, wood pewee, and cedar bird. The so- 
called “flycatchers,” as a group, however, feed largely on winged Hymenop- 
tera. Maggots are apparently palatable to many birds, but only those of certain 
feeding habits have an opportunity to discover them. Domestic poultry, for 
example, if admitted to barnyards, will consume enormous numbers of larvae, 
and can be an important factor in reducing the fly population. Howard (19113) 
mentions a single record of thirty-three dipterous larvae being taken from the 
stomach of a horned lark, hut it is highly probable that they were of some 
species other than Musca domestica. 

Mammals closely associated with human habitations sometimes learn to 
be flycatchers. Adult flies are frequently destroyed by mice on window sills 
during the hours of night when the insects are sluggish, inactive, and more 
or less at the mercy of the nocturnal rodents. Rats are known to catch and 
eat flies in broad daylight, with spectators present. Reliable authority records 
a single rat as taking over one hundred flies from a window sill at a single 
meal. The fly is either raked with one front paw against the other or is caught 
between the two paws as they are brought together. The animals sometimes 
stand on their hind legs, extending their bodies to full length in order to reach 
the prey. 

Cats, also, will occasionally capture flies, apparently more for amusement 
than for food. When an individual animal has adopted the practice and be¬ 
come proficient, a very large number of flies may be accounted for. I am 
indebted to my colleague, Miss Mary McCarthy, for information concerning 
a cat which formed the habit of capturing flies in a window seat and became 
“very dextrous” in the sport. 



CHAPTER XI 


Flies and Human Disease 


Pul cream and sugar on a fly, and it tastes very much like a black raspberry.— 
E. W. Howe, Country Town Sayings 

I N THE YEAR 1912, a current educational pamphlet referred to the house¬ 
fly as “the most dangerous insect known.” In spite of great improvements 
in methods of fly control, world sanitarians today are still unable to dispute 
the general truth of this assertion. For the individual who has grown to ma¬ 
turity in a well-sanitated area, there can be no conception of the hazards to 
health which still exist wherever flies have unrestrained access both to human 
feces and to human food. 

It should be remembered that the adult fly can transmit infectious or¬ 
ganisms in at least four separate ways: (r) by the hairs of its body; (2) by the 
sticky tenent hairs of its feet (which also permit the fly to cling to vertical 
and even inverted surfaces); (3) by regurgitation of its vomitus; (4) by 
passage through its alimentary tract. The last is perhaps the most significant, 
as it often provides opportunity for multiplication of the organisms con¬ 
cerned. Many types of bacteria, protozoan cysts, certain helminth ova, and 
probably a number of viruses owe their dissemination, at least in part, to 
fecal specks deposited by flies. This is not strange when one considers that 
a well-fed fly has been observed to defecate at intervals of approximately four 
and a half minutes all day long (Cobb, 1910b). In the same reference we find 
this pithy observation, “The fly does far worse things than get into the oint¬ 
ment, for unless we take care he gets into or onto pretty much everything 
we eat or drink.” This alone would not be so significant were it not for the 
fact that the fly also gets into or onto every conceivable form of excreta and 
other filth that has not been disposed of in a flyproof manner. 

According to Ara and Marengo (1932), 44 per cent of the flies captured in 
rooms of typhoid patients proved to be infected with typhoid. The bacillus 
continued to be present in the fly’s alimentary tract for as long as six days 
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after capture. This is but one example among many in which infections more 
or less pathogenic to man are carried on or in the bodies of flies, in many 
instances with no adverse effect upon the carrier host. 

In this connection, however, it is well to recall that organisms harbored by 
the fly or its immature stages may differ strikingly in their ability to affect the 
fly’s well-being, to curb its powers of reproduction, or to alter its potential 
longevity. From the fly’s standpoint, in other words, such organisms may be 
either quite harmless, relatively benign, or definitely pathogenic. But when 
the same organisms gain transference to the human body, their potential 



Figure 85. An unnecessary nuisance in the vicinity of an adequate incinerator. Note 
dumping of rubbish, which should have been processed but which serves instead as 
breeding medium for flies. Health authorities recommended that this area be cleared up 
and sown with grass seed. (Courtesy of Michigan Department of Health.) 

pathogenicity requires complete reclassification. The Empusa fungus, for 
example, which is so destructive to flies, does not even have the capacity to 
establish itself on human tissue. The typhoid bacillus, on the other hand, the 
causative agent of a serious human disease, appears to affect the housefly not 
at all. Intermediate between these extremes is the Staphylococcus group, two 
species of which cause fatal diseases in flies, while within the same genus are 
forms known to produce annoying and, at times, alarming symptoms in man. 
A more specific example is the plague bacillus (Pasteurella pestis). This or¬ 
ganism, which is usually fatal to man, can be carried for perhaps eight days 
by flies, after which the insects themselves die of the disease (Nuttall, 1897). 
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The pages that follow are concerned primarily with those infections which 
cause pathological conditions in man whether or not the fly is in any way 
inconvenienced by the passage. There is at the present time acceptable labora¬ 
tory proof for the transmission of approximately thirty diseases (or parasitic 
organisms) by Musca domestica and related forms. The more important of 
these are characterized below. Certain infections of primary interest to stu¬ 
dents of veterinary medicine have already been discussed in Chapter X. 


Figure 86. The fly in an exploratory mood. Note daws, pulvilli, labella, and numerous 
body bristles. These are the structures that make it easy for the fly to function as a dis¬ 
tributor of filth and filth-borne disease. (Courtesy of Rohm and Haas Company, Phila¬ 
delphia, Pa.) 

BACTERIAL DISEASES 
Typhoid Fever 

Also known as enteric fever or abdominal typhus. A specific, eruptive, com¬ 
municable fever marked by inflammation and ulceration of Peyer’s patches, 
by enlargement of the spleen and of the mesenteric nodes, and by catarrhal 
inflammation of the intestinal mucous membrane. Convulsive and haemor¬ 
rhagic forms of the disease may occur. The causative organism is Eberthella 
typhosa. Transmission is by fecal contamination of food and drink. 
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The Paratyphoids 

Fevers, usually less severe, resembling in most respects typhoid fever and 
caused by organisms which infect the same tissues as are involved in that 
disease. Two types exist. The correct name of the organism formerly known 
as Bacillus paratyphosus A is Salmonella paratyphi. Salmonella schottmullcri 
is the accepted designation for Bacillus paratyphosus B of authors. 

Cholera 

Also called malignant or Asiatic cholera. An acute infectious disease marked 
by copious, watery discharges from the bowels, cramps, prostration, and sup¬ 
pression of the urine. Usually fatal. Death results either from congestion of 
the lungs or from convulsions and exhaustion. The cadaver usually shows 
extreme dehydration. Causative organism is Vibrio comma, also known in 
literature as Spirillum cholerae. Transmission is usually by fecal contamina¬ 
tion of drinking water. 


Bacillary Dysentery 

An infectious disease marked by intestinal pain, straining at stool (tenes¬ 
mus), and diarrhea, with blood and mucus in the intestinal discharges. There 
is always more or less toxemia. Distribution is largely, though not wholly, 
tropical. Causative organisms are Shigella dysenteriae and S. paradysenteriae. 
Transmission is by contamination of food and drink. 

Infantile Diarrhea 

Also known as summer diarrhea. An acute intestinal disturbance, chiefly 
of children, during the great heat of summer. Symptoms may develop compa¬ 
rable to milder types of bacillary dysentery. Believed to be caused by a variety 
of bacterial (or virus) organisms including several of the genus Shigella. 
Transmission is similar to other types of enteritis. Flies are considered to 
play an important part. 


Anthrax 

Usual reference is to malignant anthrax, a fatal infectious disease of cattle 
and sheep, also transmissible to man. Hard edema or ulcers formed at point 
of inoculation. Lesion may be in the form of a carbuncle or malignant pustule. 
Symptoms of collapse usually follow. Cerebral anthrax is also known. Causa¬ 
tive agent is Bacillus anthracis. Infection is usually by inoculation of spores 
or active bacilli into a superficial abrasion of the skin. 
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Conjunctivitis (Not Including Trachoma) 

Nonspecific inflammation of the conjunctiva marked by acute redness and 
swelling in one or both eyes, with mucopurulent and purulent discharges. If 
round, pinkish bodies appear in the retrotarsal fold, the type is said to be fol¬ 
licular. Causative agent, any of a number of pyogenic organisms, including 
the hemoglobinophilic bacilli. Gonococcus is sometimes responsible. Trans¬ 
mission is by direct contact or indirectly through soiled articles or by activity 
of insects. Eye gnats of the genus Hippelates (family Chloropidae) are of 
much greater importance than Musca in transmitting conjunctivitis in the 
southern United States. 



Figure 8y. Photomicrograph of a fly’s foot, showing the numerous glandular tenent 
hairs borne by the pulvilli. It is the sticky secretion of these hairs which gathers bacteria, 
spores, and cysts, and is thus responsible for their distribution as the fly walks about. 
(Courtesy of A. C. Lonert, General Biological Supply House, Chicago.) 

Tuberculosis 

An infectious disease, the symptoms of which vary with the tissue affected. 
Local activity of the organism results in the formation of tubercles in the 
tissues. These later undergo caseous necrosis. Infection may be spread through 
blood and lymph vessels. General symtoms include hectic fever, emaciation, 
and night sweats. Causative agent, Mycobacterium tuberculosis. Infection 
usually acquired by mouth, but also in other ways. 
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Leprosy 

Preferably called Hansen’s disease. A transmissible disorder characterized 
by lesions of the skin and mucous membranes and by neurological manifesta¬ 
tions. Lesions may be in the form of patches of macular erythema, which de¬ 
velop into anesthetic patches of scar tissue, or in the form of tubercles and 
nodules, which may either absorb or ulcerate. Deformity and mutilation of 
the digits is common. Causative agent, Mycobacterium leprae. Not easily com¬ 
municable, but discharges from lesions are considered dangerous. 

Plague 

Also known as malignant polyadenitis. An acute febrile and usually fatal 
disease characterized by chills and fever, followed by prostration. Headache, 
vomiting, delirium, and diarrhea may occur. The bubonic form is marked 
by swelling of the lymphatic nodes, with resultant buboes in femoral, in¬ 
guinal, axillary, and cervical regions. The pneumonic form, which is most 
often fatal, resembles septic pneumonia. Causative organism is Pasteurella 
pestis, which may be recovered from buboes or sputum according to the 
type of disease. Transmission is normally by the bites of fleas, but may be 
direct in the pneumonic form in which connection flies may be involved. 

VIRUS DISEASES 

Trachoma 

A specific, destructive, chronic inflammation of the conjunctiva, marked 
by follicular or papillary granulations, leading ultimately to scar tissue, de¬ 
formity of the eyelids, and possible blindness. Susceptibility is increased by 
malnutrition and prolonged exposure to dust, sun, and wind. The causative 
organism has not been determined. Transmission is by direct contact with 
lesions or indirecdy by contact with contaminated objects or insects. 

Poliomyelitis (Especially Acute Anterior Poliomyelitis) 

Also known as infantile paralysis, Heine-Medin disease, and acute atrophic 
paralysis. An inflammation of the gray substance of the spinal cord, character¬ 
ized in early stages by fever and, in many cases, producing motor paralysis, 
with resultant atrophy of muscles, and deformity. Causative agent, a specific 
filterable virus. Transmission by introduction of virus into brain by way of 
nasal membranes and olfactory nerves. 
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Yaws 

Also called treponematosis, frambesia, pian, and bubas. Usually marked 
by raspberrylike elevations on face, hands, feet, and sometimes the genitals. 
Lesions may run together in funguslike masses. Pustules and ulcers not un¬ 
common. Deformity of countenance due to gangosa, sometimes extreme. 
Causative agent, Treponema pertenue. Transmission is by direct contact 
with lesions or indirectly by both biting and nonbiting flies. 



Figure 88. Fly regurgitating. Most of the flyspecks on walls and window- 
panes are composed of vomitus rather than fecal matter. Human food and 
drink exposed to flies may become heavily contaminated in this manner. 
(Adapted from Matheson, after Hewitt.) 

PROTOZOAN DISEASES 
Amoebic Dysentery 

Also called intestinal amoebiasis, or amoebic enteritis. A disease with a 
wide variety of clinical symptoms, including usually cramping diarrhea with 
little fever or tenesmus. Stools often contain flecks of blood-stained mucus. 
“Sea anemone” and “Dyak hair” ulcers of colon are typical. Extensions of 
the infection may lead to liver or brain abscess, to cystitis, vaginitis, and other 
complications. Causative agent, a tissue-invading protozoan, Endamoeba his¬ 
tolytica. Transmission, by food, drinking water, fingers, and flies. 
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Giardiasis 

Inflammation of the biliary system and intestinal tract, with symptoms re¬ 
sembling a mild, chronic, catarrhal cholecystitis. Chronic, recurring diarrhea 
with some flatulence and distention characterizes heavier infections. Causa¬ 
tive agent a flagellate protozoan, Giardia lamblia. Transmission as in amoebia- 
sis. Cysts are passed through the intestinal tract of flies. 

MISCELLANEOUS ORGANISMS 

In addition to the above, the following parasites known to occur in man are 
undoubtedly capable of having their transmission assisted by flies: 

(1) Endamoeba coli (intestinal amoeba)—flies carry cysts. 

(2) Endolimax nana (intestinal amoeba)—flies carry cysts. 

(3) Chilomastix mesnili (intestinal flagellate)—flies carry cysts. 

(4) Enterobius vermicularis (pinworm)—flies carry ova. 

(5) Ascaris lumbricoides (roundworm)—flies carry ova. 

(6) Trichuris trichiura (whipworm)—flies carry ova. 

(7) Ancylostoma duodenale (hookworm)—flies carry ova. 

(8) Taenia solium (pork tapeworm)—flies carry ova. 

(9) Dipylidium caninum (dog tapeworm)—flies carry ova. 

(10) Hymenolepis nana (dwarf tapeworm)—flies carry ova. 

(11) Hymenolepis diminuta (rat tapeworm)—flies carry ova. 

(12) Echinococcus granulosus (hydatid cyst)—flies carry ova. 

(13) Dermatobia Iiominis (human botfly)—houseflies may carry eggs. 
Although specific records appear to be lacking, it seems likely chat the eggs 

of Taenia saginata would be as easily carried as those of Taenia solium, and 
that ova of the American hookworm, Necator americanus, are carried about 
quite as often as those of Ancylostoma. 

It has been noted by several observers that flies feeding on feces seem par¬ 
ticularly attracted to helminth eggs and make a definite effort to ingest them. 

As discussed in Chapter III, individual flies differ greatly in their ability to 
so distend the mouth aperture that ova can be taken in, but the smaller eggs 
never seem to present much difficulty. There are several species, no doubt, 
which few, if any, flies can transmit other than externally on their bodies. 
Thus Nicoll (1911b) considered houseflies incapable of ingesting the large, 
round eggs of Hymenolepis diminuta, though large blowflies may do so. 

In the foregoing fists, no mention is made of smallpox, diphtheria, syphilis, 
or Oriental sore. Hewitt (1914a) summarized suggestive evidence for trans- 
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mission o£ these infections by filth-feeding flies, but since there is a dearth 
of modern, confirmatory data, it seems best to omit discussion of these. 

EVIDENCE FOR DISEASE TRANSMISSION BY FLIES 

A moderate viewpoint on the medical importance of filth-feeding Diptera 
should always be maintained. Flies are rarely the sole transmitting agency in 



Figure 89. Makeshift privy near campsite. Absence of rear wall has per¬ 
mitted photographer to show primitive type of seat. There is no way to keep 
flies from pit, which means an unsanitary camp. In harmony with these con¬ 
ditions, the well was located about twenty feet downhill from the privy. (Photo 
by Rollin Thoren.) 
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any epidemic, and in most cases their role, however important, must logically 
be considered subordinate. 

Thus Nicoll (1917a,b), while admitting that organisms producing bacillary 
enteritis may often be found in flies under natural conditions, remarks that 
in no case has Musca domestica been demonstrated to be the exclusive vector 
of any disease. He especially emphasizes that though the housefly serves as a 
cyclical host for Habronema of horses, it is not the true intermediate host of 
any organism causing disease in man. The fly is rather a mechanical carrier 
of pathogens, which in some cases may not even multiply in the fly’s body. 
Nicoll found no evidence, for example, that typhoid bacilli can reproduce in 
the housefly; nor, indeed, can they live there for any great period of time. He 
also points out that many bacteria in the fly’s intestine bear a very close re¬ 
semblance to important pathogens and that very stringent tests must be em¬ 
ployed to differentiate between benign and pathogenic types. 

Again, Roubaud (1918) expresses the view that Musca domestica cannot 
act as a vector of the principal intestinal protozoans of man except under 
very limited conditions. He points out that the excreta of flies must ordinarily 
be deposited directly upon liquid or moist food, if the contained cysts are to 
reach the human organism with sufficient vitality to cause infection. Since 
cysts which are deposited on a dry substratum perish almost immediately, it 
may even be that the flies contribute extensively to their destruction by with¬ 
drawing them from the media in which they are able to exist. Woodcock 
(1918, 1919) did not consider flies a very great factor in the epidemiology of 
amoebic dysentery. Likewise, Jausion and Dekester (1923), who experimented 
with four species of muscoid flies, including M. domestica, considered their 
role in the transmission of Endamoeba “dysenteriae" to be very limited. Mori- 
son and Keyworth (1916) felt that flies played but a minor part in the dis¬ 
tribution of epidemic diarrhea and dysentery in Poona, as treatment of the 
water supply resulted in no epidemic the following season. 

Lebailly (1924) concluded that neither Muscina stabulans nor Musca do¬ 
mestica is able to transmit foot and mouth disease of animals. Malmgrcn 
(1935), w h° studied an extensive outbreak of tularemia in Sweden consistently 
found M. domestica negative for Pasteurella tularensis (Bacterium tularense). 
It is now generally accepted that bloodsucking forms are much more likely to 
be involved in the transmission of this disease. 

We should also remember that flies undoubtedly serve as temporary car¬ 
riers of potentially pathogenic organisms under circumstances which rarely 
favor their transmission to a second mammalian host. Thus Ewing (1942) 
found Streptococcus agalactiae in decreasing numbers for seven days on the 
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body surface of flies that had been permitted contact with a skim-milk culture 
of the organism over a four-day period. Although the Streptococcus remained 
viable in the tissues of the fly for three days longer, as shown by examination 
of ground-up flies, Ewing considers it rather doubtful if flies transmit any 
great amount of bovine mastitis while feeding at the teats of cows. 

Experiments conducted by Stewart (1944) on the viability of dysentery 
bacilli in Algiers demonstrated that Flexner and Schmitz bacilli might be 
carried by flies for as long as twelve days. This seems important in view of 
the fact that the bacilli rarely survived more than two days in feces which 
were allowed to dry naturally. Yet the incidence of dysentery dropped sharply, 
in this instance, during August and September, with plenty of flies still 
present. As it is well known that Flexner bacilli survive thirty days or more 
in plain water, one should never overlook the possibility of water-borne 
infection under circumstances such as these. 

Patton (1930) gives it as his opinion that flies play no very active part in 
the dissemination of cholera. 

Over and against such findings, there exists, however, a substantial body 
of evidence tending to incriminate the fly. Some of this is circumstantial, 
some epidemiological, but the bulk comes out of laboratory experiments under 
more or less controlled conditions and cannot be discounted or ignored. A 
resume of data and opinion from various sources is given herewith. 

EARLY CONTRIBUTIONS REGARDING FLY-BORNE 
DISEASE 

In 1871, Professor J. Leidy, who had observed the spread of hospital gan¬ 
grene during the American civil war, presented a strong argument in sup¬ 
port of the theory that flies may carry disease. He pointed out that flies which 
have taken up diffluent matter from a certain fungus (Phallus impudicus) 
may later exude two or three drops from the proboscis. Microscopic examina¬ 
tion showed both these drops and the stomach content of such flies to be 
swarming with fungus spores. Leidy held that similar dissemination of dis¬ 
ease germs might logically occur. In the same year, Sir John Lubbock, while 
speaking in the British House of Commons, deplored the misconceptions 
which school children might acquire concerning sanitation from the text¬ 
books of that day. He took particular exception to the statement, “The fly 
keeps the warm air pure and wholesome by its swift and zigzag flight.” 
Veeder (1898a) especially criticized the prevalence of fevers and dysenteries 
in military camps and called attention to the great numbers of flies passing 
between feces in trenches and the cook tents. 
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The following year, Haeser (1899) called attention to the possible dissemina¬ 
tion of plague by common flies. More than ten years previous, Hofmann (1888) 
had done the same for tuberculosis. 

Also in the year 1899, Dr. Victor C. Vaughan, a distinguished physician, 
read a paper before the American Medical Association in which he stressed 
that typhoid fever spreads only by the transference of the excretions of an 
infected individual to the alimentary canals of others. He further pointed out 
that an infected soldier may scatter infection in every latrine or regiment be¬ 
fore the disease is evident in himself, and that infective organisms may be 
present in his excrement a long time after apparent recovery. Great interest 
in the transmission of typhoid was stimulated in that period by the fact that 
approximately one-fifth of the U.S. soldiers serving in encampments during 
the year 1898 developed typhoid, and that this disease was responsible for 80 
per cent of all deaths in service regardless of cause. It is further recorded that 
flies, swarming in and abouL the mess tents and crawling over food, frequently 
showed traces of lime which had clung to their bodies since their last visit to 
the latrines. 

Walter Reed (1899) especially stressed flies as a principal cause of the out¬ 
break of typhoid in the army during the Spanish-American War, and with 
Vaughan and Shakespeare (1904) published an extensive report on the sub¬ 
ject. 

Dr. L. O. Howard (1900) was particularly vociferous in publicizing the 
part played by flies in the spread of intestinal infection; he showed that since 
Musca domestica totaled 98.8 per cent of all insects captured in houses through¬ 
out the whole country in that day, this species must be considered the principal 
offender. It was Dr. Howard (1909b) who suggested that the name “housefly” 
be replaced by the designation “typhoid fly” as more descriptive of the fly’s 
habits and its potential danger to man. Howard’s publications were numerous 
and his work had great influence upon both medical practitioners and en¬ 
tomologists, who cited him frequently (Fletcher, 1901). It soon became known 
that typhoid organisms may continue to be discharged in both the urine and 
feces of recovered patients, and that some of these become “carriers” for life. 
The opportunity for continued contamination of soil and water is thus much 
greater than was originally supposed, and the opportunity for flies to contact 
the pathogen, even with no active disease in the community, is very real. 

An early but very effective exposition of the role played by the fly in dis¬ 
tributing enteric disease was published by Hamilton (1903) subsequent to an 
epidemic of typhoid fever in Chicago. She pointed out that the outbreak was 
not to be explained alone by contaminated water, contaminated food, or the 
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ignorance of the population concerning these things. Miss Hamilton noted 
that only 48 per cent of the houses in that area had sanitary plumbing and 
concluded that when discharges from typhoid patients are left exposed in 
privies or in yards, flies become important agents in the dissemination of in¬ 
fection. Subsequent publications by the same author (1904, 1906) reiterated 
and fortified this point of view. A. W. Martin (1903), F. W. Thomson (1912), 
and Sweet (1916) also made important contributions to the literature on 
typhoid as a fly-borne disease. 

Interest in tuberculosis, also, was being actively maintained. Hayward (1904) 
pointed out that tubercle bacilli may pass through the alimentary tract of 
flies and remain virulent. In the same year, Lord demonstrated that flies 
which have ingested positive sputum may excrete tubercule bacilli which re¬ 
main virulent for at least fifteen days. He suggested that human infection 
might occur by ingestion of flyspecks deposited on food. In 1907 Miss Hamilton 
succeeded in isolating the tubercle bacillus from privy-caught flies. 

Hunter in 1907 was quoted in the Nursing Times as having observed the 
occurrence of plague bacilli in the digestive tract of flies that had fed on in¬ 
fected material in Hong Kong. A year later, Robertson concluded that the 

housefly was capable of carrying the organism of yaws. 

1 

THE PERIOD UP TO AND INCLUDING WORLD WAR I 

The next thirteen years were exceedingly prolific of publications concern¬ 
ing fly-borne disease, many of which, because of their popular or semipopular 
character, will not be mentioned here. A few, however, deserve brief com¬ 
ment. 

W. D. Hunter, in a presidential address before the American Association 
of Economic Entomologists (1913), discussed various phases of medical 
entomology and concluded that American losses due to insects concerned in 
the carriage of dysentery alone amounted to at least $2,800,000 per year. Doane 
(19x4), in discussing the disease-bearing insects of Samoa, considered M. 
domestica to be a factor in the transmission of typhoid, yaws, and a type of 
ophthalmia common in children and sometimes leading to blindness. BeresofT 
(1914) reported in detail upon experiments which tended to show that not 
only hibernating flies but also their dead bodies may harbor infection of 
various types. 

Besides such general contributions, studies on specific diseases were also 
numerous. Morris (1919) pointed out that flies may carry anthrax infection 
to wounds on healthy animals after feeding on the discharges from open 
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carbuncles or on anthrax-infected flesh. He found that flies bred out of un¬ 
opened anthrax carcasses did not carry infection, though flies bred in the pres¬ 
ence of spores might do so. Morris believed that the vegetative form of the 
organism in unopened carcasses was destroyed by the process of decomposition. 
His 1920 paper reiterates these conclusions. 

The dysenteries likewise came in for the usual attention. Orton and Dodd 
(1910) recorded the recovery of pathogenic bacilli from flies several days after 
their exposure to infection. In the same year Converse pointed out the possibility 
of flies transmitting amoebiasis by flying from the feces of infected cases to 
the food of healthy persons. By 1917 this possibility had been definitely con¬ 
firmed. Wenyon and O’Connor (19173^) established Musca domestica and 
other muscoids as carriers beyond a doubt. Cysts from human hosts can sur¬ 
vive long periods if kept moist, and if taken up by flies (which feed every few 
minutes) will be passed continually in their feces. The cysts may remain in 
the fly’s gut forty-two hours if the fly is prevented from feeding, but may 
pass in the feces from five minutes to twenty hours after ingestion when feed¬ 
ing is normal. These authors pointed out that the cysts are not distributed by 
regurgitation and that, due to the sun’s heat and to the fly’s habit of “cleaning” 
itself, mechanical distribution by way of the body surface is not too likely. 
Gabbi (1917) mentioned both M. domestica and Calliphora crythrocephala 
as among the vectors of amoebiasis. Craig, in the same year, reported a light 
epidemic of amoebic dysentery among troops serving in the El Paso (Texas) 
district as being largely fly-borne. At least, no new cases developed during 
the time of year when flies were absent or very few. Taylor (1919), who 
studied bacillary dysentery in the Salonica command, found that high inci¬ 
dence of the disease corresponded with the prevalence of flies, which was 
greatest from spring to early summer and again from late summer to early 
fall. He found the flies capable of carrying both Flexner and Shiga bacilli, 
although after twenty-four hours the prospect of recovering the organisms 
diminished rapidly. A rather small percentage of caught flies were found natu¬ 
rally infected. In the same year, Patton reported Musca domestica determinata 
Walker and Musca humilis Wied. ( angustifrons Thomp.) as transmitting 
bacillary dysentery in Mesopotamia. The first-named species also transmitted 
a form of ophthalmia. Patton considered that these two flies constituted the 
most serious insect menace in that region of the world, and stated that fu¬ 
ture success in the colonization of Mesopotamia might depend largely upon 
their successful control. Both breed freely the year around in that country. 

Manson-Bahr (1919) studied the activities of M. domestica in Egypt, espe¬ 
cially in relation to the occurrence of bacillary dysentery. He found the bacillus 
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in the intestinal tract of flies caught in the desert two miles and more from 
the nearest camp, and a great distance from deposits of human feces. Manson- 
Bahr found that the organism might live as long as four days in the intestinal 
tract of the fly, but that it dies in a few hours when exposed to the desert 
sun. It is, therefore, obvious that the flies must feed on the blood and mucus 
of dysentery stools almost immediately after passage if they are to carry in¬ 
fection under such conditions of climate and temperature. Such, of course, 
would be impossible where good sanitary practices prevail, but as long as 
such a great proportion of the world’s population live under conditions defi¬ 
nitely lacking such protection, the danger remains both very real and very 
great. 

Considerable light was cast by C. J. Martin (1913) on the relation of flies to 
summer diarrhea. Martin concluded that, though they may not be the dom¬ 
inant factor, they are truly important in its spread. Two papers by D. B. 
Armstrong (1914a,b) stressed the point that in equally congested areas fly pro¬ 
tection is usually associated with a low incidence of the disease; neglect of 
flies, with increasing prevalence of diarrhea during the summer season. 1 

During this period, serious attention was given for the first time to the 
possible relation between flies and leprosy. Currie (1910) studied the habits 
of Musca domestica, and species of Sarcophaga and Lucilia, and found that 
flies which have fed on leprous fluids usually contain the bacilli in the intes¬ 
tinal tract for several days. He also noted that individuals which have access 
to a leprous ulcer will frequently convey very large numbers of leper .bacilli 
directly or indirectly to the skin, nasal mucosa, or alimentary canal of healthy 
persons. Currie had no way of proving whether such bacteria are infective, 
but he considered that flies should be viewed with suspicion until proved 
guiltless. Leboeuf (1912, 1914) found Musca domestica capable of absorbing 
enormous quantities of Hansen’s bacillus and demonstrated great numbers 
in the feces of infected flies. He did not find evidence of multiplication within 
the fly, but neither did the organisms appear to degenerate. Leboeuf sug¬ 
gested that infected flies might infect human beings by depositing excrement 
upon raw cutaneous surfaces. He found Hansen’s bacillus in nineteen out 
of thirty-six flies captured in a lepers’ infirmary, and considered patients with 
open lesions to have been the source of contamination. Leboeuf’s work, along 
with that of others, has been critically evaluated by Bayon (1915). Marchoux 
(1916) showed that leprosy bacilli can live in the alimentary tract of flies 
for four days, but was unable to produce infection by flies removed from septic 

1 A modern study by Watt and Lindsay (1948) reports reduction of diarrheal diseases 
in areas of high morbidity through control of flics by DDT. 
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material for twenty-four hours. Sugai and Kawabada (1918) worked with 
both leprosy and tubercle bacilli. Flies fed a suspension of the latter organisms 
passed bacilli five hours larer which were infective to guinea pigs. Their ex¬ 
periments with Hansen’s bacillus were confined to fish. 

In the meantime, tularemia had been recognized as a human disease. Way- 
son (1914), using guinea pigs, studied its transmission by both Musca do- 
mestica and Stomoxys calcitrans. Houseflies were first permitted to crawl and 
feed on the viscera of animals that had died of the disease. They were then 
transferred to the conjunctiva of healthy guinea pigs, which had been pre¬ 
pared in advance by scarification of the conjunctival membrane. This was 
accomplished by use of cocaine, followed by rubbing with a grain of sterile 
sand beneath the palpebra. The animals developed a severe purulent con¬ 
junctivitis after forty-eight hours and died in from five to nine days, which 
is the normal incubation period for tularemia. 

Traehoma also began to receive attention. Nicolle, Cuenod, and Blanc 
(1919) asserted that flies may transmit the infection for at least twenty-four 
hours after contact with infected eyes or with bandages up to six hours after 
the latter have been removed from an active case. Nicolle’s later paper (1922) 
summarizes the earlier work and brings it up to date. 

Somewhat speculative writings appeared concerning poliomyelitis. Flexner 
and Clark (1911) reported that flies might harbor the virus for forty-eight 
hours, but made no attempt to discriminate between superficial contamination 
and infection of the alimentary tract. Kling and Levaditi (1913) criticized 
this work as probably too artificial to have real scientific value. They admitted, 
however, the possibility of the propagation of infantile paralysis by flies in 
a purely mechanical manner. Meanwhile, C. W. Howard and Clark (1912) 
had brought forward additional data showing that though the virus sur¬ 
vives only a number of hours in the food canal, it may be carried in an active 
state on the body surface of Musca domestica for several days. Cleland and 
associates (1919) reviewed the possibilities of insect vectorship in connection 
with the Australian epidemics and mentioned both Musca domestica and 
M. vetustissima as being under suspicion. 

THE PERIOD BETWEEN WORLD WARS 

Investigations continued in regard to enteric disorders. Paraf (1920a) 
studied an epidemic of bacillary dysentery during which he found the bacillus 
in 12 of 30 flies captured near latrines, in 7 of 36 taken in hospital wards, and 
in 3 of 38 captured at the dining table. Milk for surgical cases was found to 
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contain dysentery bacillus 6 times out oE 26 samplings; bread, once out of 12 
times. The bacillus remained in the fly’s intestine five days after initial in¬ 
fection. 

Ledingham (1920) analyzed further the situation in Mesopotamia, where 
the greatest number of flies occur in April, May, and November. During the 
hotter days of summer, the flies almost completely disappear; during this time 
dysentery and enteric disease also fall off, but not proportionately. His inter¬ 
pretation was that a mass of fresh infections is established in the spring, 
largely due to flies, and this leaves a large amount of chronic and carrier in¬ 
fection during the season when weather conditions naturally favor enteric 
disturbances. This combination maintains a moderate incidence of dysen¬ 
tery and diarrhea until the fall rise in fly population, which precipitates a mass 
of fresh infections. Buxton (1920), in speaking of Lower Mesopotamia, dwelt 
especially on the importance of flies in the spread of amoebiasis. He reports 
that over 60 per cent of the flies caught carried human feces, that 4 per cent 
carried human entozoa, and that 0.5 per cent bore cysts of Endamoeba his¬ 
tolytica. 

The work of Root (1921) on the carriage of intestinal protozoa by flies 
brought out the fact that cysts of both Giardia and Endamoeba survive much 
longer in “drowned” flies than in the living insect. Because of the moisture 
requirements of protozoan cysts, Root concluded (1) that fly feces are only 
dangerous to man if deposited on moist or liquid foods; (2) that the earlier 
hours after the fly’s feeding on cysts are the most dangerous, as a larger pro¬ 
portion of the cysts are still alive; and (3) that human beings may contract 
the infection by swallowing liquids in which flies have drowned. Frye and 
Meleney (1932) found 38 per cent of the population of a certain rural com¬ 
munity to be carrying E. histolytica. Of 7,948 flies collected in and about eight¬ 
een houses, 6 contained characteristic cysts. They concluded that where the 
incidence of infection is high, and the deposition of human feces promiscuous, 
flies probably spread the infection from house to house. 

An unusual observation in regard to bacillary dysentery is recorded by 
Zmeev (1939-1941), who found adults of the large hornet, Vespa orientalis, 
naturally infected with the pathogen. He offered proof that these Hymenop- 
tera acquire this and other intestinal organisms by feeding on common flies. 

The possible relation of flies to cholera transmission had long been recog¬ 
nized. M. Simmonds (1892) succeeded in obtaining cholera organisms from 
the bodies of flies captured in a room where post-mortems were being carried 
out on patients who had died of the disease. Graham-Smith, in a series of 
publications (1909-19T3), discussed all possible ways in which flies may carry 
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and distribute pathogenic (and other) bacteria, and in regard to cholera 
stated that he had recovered the vibrios from the food canal of flies forty- 
eight hours after contamination, and from legs and body up to thirty hours. 
The most significant contribution in this field, however, is probably the work 
of Gill and Lai (1931), who have shown that the vibrios may disappear from 
the fly’s alimentary tract the second day after ingestion only to reappear 
about the fifth day. The flies are then capable of contaminating human food 
by their fecal discharges. There is perhaps a “cyclical” relation here. Direct 
contamination of food and drink by way of the fly’s proboscis up to twenty- 
four hours after infection of the fly was also demonstrated. 

Interest in the leprosy problem was sustained largely by Lamborn (1935b), 
who brought evidence to show that Musca sorbens might well be a vector in 
Nyasaland. Acid-fast bacilli were found in the excreta thirteen days after 
the flies had fed on leprous sores. The vomit spots were positive from eight 
hours to five days after feeding. Five hours after feeding on infective ma¬ 
terial, the flies were permitted access to fresh drops of blood. Seven out of 
nineteen such drops were later found to be positive. Control flies fed on ulcers 
that contained no leprosy bacilli at no time passed acid-fast bacilli. Lamborn’s 
subsequent publications (1936a,b, 1937) dealt further with the leprosy prob¬ 
lem and also proved Musca sorbens a transmitter of yaws. Though M. sorbens 
does not have a piercing proboscis, it feeds readily on all sores and accom¬ 
plishes transmission of the spirochetes through contamination of the mouth 
parts by regurgitation. Lamborn and Howat (1936) also succeeded in fatally 
infecting a dog with Trypanosoma rhodesiense by allowing Musca sorbens 
which had fed on the blood of a human patient to have access to an incision 
on the animal’s ear. 

Lamborn’s 1939 report records M. sorbens as harboring and passing tubercle 
bacilli for many days after feeding on both fresh and dried sputum. The num¬ 
bers apparently increased within the fly. Coccoid forms were most persistent. 
Similar experiments with leprosy bacilli using dried material showed that 
flies could deposit the organisms up to the twelfth day and occasionally to 
the nineteenth. 

Other students of leprosy transmission included De Mello and Cabral 
(1926), who found infection in four out of ten specimens of Musca bezzi 
P. and C. which had been captured in a leper hospital. Flies intentionally 
fed on leprous patients and then transferred to fruit juice and water all proved 
positive for a limited time. Two hours later, four out of six remained infected; 
forty-eight hours later, one out of three. Wings and legs were removed be¬ 
fore examination to eliminate contamination from that source. Shuzo (1933) 
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contributed further data. Of 447 flies collected in wards housing advanced cases 
of leprosy, n8 proved to contain the organism. In lepers’ rooms, the count 
was 41 out of 1,786. In a leprous settlement, 9 out of 192 flies were found 
positive; in a nonleprous house nearby, one out of 76. Of 53 specimens of 
Musca domestica which fed on infected material, 16 became infected. A 
somewhat higher proportion was realized with Lucilia cuprina and Cab 
liphora lata. Hansen’s bacillus remained alive in various species of flies for 
twenty-four hours, and sometimes as long as ninety-six. The figures of 
Arizumi (1934) are rather similar. One hundred and ninety-five flies out 
of 689 from wards for advanced cases, and 177 out of 723 captured in the 
wards for milder cases, proved positive. Arizumi concluded that though the 
bacilli do not multiply in the fly, they are not affected by the hactericidal action 
of the fly’s secretions. He observed that larvae which had fed on the bacilli 
expel them just before pupation. This was borne out by the fact that exam¬ 
ination showed no infection in 300 pupae from infected maggots. 

Miscellaneous contributions during this period are also of interest. Nieschulz 
(1928) succeeded in transmitting anthrax to guinea pigs through the vector- 
ship of Musca inferior Stein. He showed that both tabanids and muscids had 
a higher transmission capacity for this organism than for surra, trypanosome 
disease of horses and mules. Ross (1929) showed that flies ingest the eggs of 
Echinococcus granulosus in Australia and may thus carry them from the feces 
of dogs to human food. Since hydatid disease is a serious problem in that 
country, he suggests the use of fly traps in the vicinity of dog yards, sheep 
killing pens, and stables, all of which should be maintained in a clean condi¬ 
tion. Removal or burning of dog feces each day might he a good practice, 
as it would lessen the danger of contaminating the dog’s coat. 

Simitch and Kostitch (1937) showed that Musca domestica can carry 
Trichomonas intestinalis in a mechanical way from human or animal feces 
to moist food or drink. The organism can survive in the intestine of the fly 
eight hours, but does not multiply there. 

Lins de Almeida (1933) corrected Pinto’s determination of Sarcophaga 
terminalis Wied. (really Musca [. Sarcopromusca] arcuata Townsend) as a 
carrier of the eggs of Dermatobia hominis L. He also refers to Neiva and 
Gomes’ incrimination of Musca domestica in 1917. 

Thomson and Lamborn (1934) discussed the mechanical transmission of 
trypanosomiasis, leishmaniasis, and yaws by several species of nonbiting hema- 
tophagous flies. They especially call attention to Musca spectanda Wied., an 
abundant species in Nyasaland, which prefers man as a host and breeds 
freely in human feces. 
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Metelkin (1935) investigated the role of several species of muscoid flies, 
including Musca domestica, in the dissemination of coccidiosis of animals. 
He found that all flies could ingest the oocysts, which remain alive in the 
insect’s alimentary tract for at least twenty-four hours and continue viable 
in the fly’s discharges until the latter become desiccated. The flies can also 
carry the oocysts externally, especially on their legs. 

At least two reviews of current information appeared during this period. 
Andrews (1925) published a general account of the medically important 
Diptera, the third portion of which is devoted entirely to disease transmission 
through the agency of fillh-feeding flies. Fcrriere (1920), Insectes et Epi¬ 
demics, discusses a number of lessons learned from World War I and devotes 
a separate section to the relation of flies to typhoid, dysentery, cholera, 
diphtheria, ophthalmia, infantile paralysis, tuberculosis, and leprosy. 

In regard to tuberculosis, MacGregor (1917) wrote as follows: “With the 
high vitality and resistance to drying possessed by B. tuberculosis, the pos¬ 
sibly long incubation period within the body, and the insidious onset of the 
disease, the danger from Musca domestica in this connection is not sufficiently 
recognized.” In spite of this challenging and rather stimulating declaration, 
no very conclusive work was accomplished for a number of years which 
might further incriminate houseflies. Lamborn (1940), however, working 
with Musca sorbens in Nyasaland, obtained data of considerable interest. 
He found that the tubercle bacilli might remain viable in the body of this 
species for over a week. As an experimental procedure Lamborn injected 
a guinea pig intraperitoneally with the gut contents of three flies that had 
fed eight days previously on positive sputum. The animal died four months 
later of generalized tuberculosis, as did a second animal injected five days after 
the flies had fed. 

CONTRIBUTIONS OF THE PAST DECADE 

The most striking development during and after World War II has been 
the interest that both entomologists and clinicians have shown in the rela¬ 
tion of flies to anterior poliomyelitis. No other disease capable of transmission 
by filth-feeding insects has received so much attention in recent years. 

Paul, Trask, and associates reported in 1941 on the detection of the virus in 
flies captured during epidemics in Connecticut and Alabama. In the first 
of these, Lucilia, Phormia, Musca, and Muscina were involved, along with 
other genera, the first two being in the ascendency. Two types of inoculum 
were prepared, one from an emulsion of macerated flies, the other from 
washing 400 to 600 flies in 50 cc. of water. A Cynomologus monkey, inocu- 



THE HOUSEFLY 


284 

lated in several ways from such sources, developed poliomyelitis after an 
incubation period of fifteen days. In the Alabama studies, a fly trap was 
placed in the vicinity of a privy used by three households where cases had 
occurred. The catch was not identified as to species, but is stated to have 
included houseflies, blowflies, and greenbottles. The monkey host developed 
poliomyelitis nine days after inoculation. 

In the same year, Sabin and Ward announced the recovery of poliomyelitis 
virus by similar methods from flies trapped in urban areas close to houses in 
which the disease had recently occurred. Their studies were carried on in 
Atlanta, Georgia, and in Cleveland, Ohio. Again, Cynomolgus monkeys were 
the test animals used. By this time, poliomyelitis was coming to be regarded 
as primarily an infection of the food canal, with secondary localization in 
nervous tissue. In a second publication (1942), the same authors stressed the 
resemblance of poliomyelitis to typhoid and dysentery, and pointed out that 
the disease can occur the year round, though its incidence usually rises in 
summer and autumn, when its transmission is favored by certain factors which 
are negligible during the remainder of the year. Among these factors, insects, 
particularly flies, should be considered important. The experiments of Sabin 
and Ward involved chiefly Musca domestica and Lucilia sericata. Their work 
was criticized by Brues (1942) on the ground that an inoculum prepared 
from a mixture of trapped insects leaves much to be desired. If only one 
species should be the true culprit, its identity is obviously lost by the technique 
employed. Brues’s criticism would appear to be justified. 

Toomey, Takacs, and Tischer (1941) paralleled the work of Sabin and Ward 
by preparing a suspension from 2,000 flies collected near the mouth of a brook 
that carried raw sewage into Lake Erie from a portion of the city of Cleve¬ 
land. Many large blowflies and a lesser number of houseflies were involved. 
Monkeys injected with the suspension developed typical poliomyelitis. Trask, 
Paul, and Melnick, in two publications (1943), recorded similar findings and 
stressed the point that positive results were obtained only with Macacus 
cynomolgus monkeys. Cercopithicus and Rhesus monkeys could not be in¬ 
fected by the techniques that they used. In their positive fly samples, Phormia 
and Lucilia were always present, while Musca domestica occurred only in two 
out of four batches, and then in relatively small numbers. It is perhaps sig¬ 
nificant that these workers found positive flies only in lots collected within 
ten days of the onset of a local case. The collecting areas used ranged from 
fifteen to twenty acres in extent. It was believed that most of the flies taken 
had had an opportunity to feed upon fresh human feces which might have 
contained poliomyelitis virus. 
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Bang and Glaser (1943) did careful work both with Theiler’s mouse polio¬ 
myelitis and Armstrong’s mouse-adapted human strain. They found that the 
virus could be recovered from the adult fly only when the adult itself had 
been infected by feeding. They never found virus in flies that had been reared 
from infected larvae. Theiler’s virus survived in Musca domestica for as 
long as twelve days, but the mouse-adapted human strain could not be re¬ 
covered beyond forty-eight hours. Flies were infected by being allowed to 
feed on infected brain emulsion diluted with distilled water. The virus was 
found present in both fecal and vomit specks of flies kept in bottles. An 
inoculum from fly tissue was later used to infect healthy mice. The latter 
developed the disease more quickly when inoculated with flies but recently 
infected than when the inoculum consisted of flies that had carried the infec¬ 
tion for a longer time. This would seem to indicate that little or no multiplica¬ 
tion of the virus takes place in the fly. The injection of a preparation of fly 
intestine into healthy mice and their subsequent development of disease 
symptoms seemed clear proof that the virus was not limited in location to the 
exterior portions of the fly. Bang and Glaser also studied transmission by 
Muscina, Sarcophaga, Calliphora, and Lucilia, but in none of these did the 
virus survive so long as in houseflies. 

More significant from a practical standpoint than the infection of animals 
by injection of macerated flies is the type of experiment reported by Miss 
Horstmann (1945). In this work, food exposed to flies in nature, during an 
active epidemic, proved infective when later fed to chimpanzees. She men¬ 
tions that the virus survived experimentally in Musca domestica up to forty- 
eight hours, sufficient time, obviously, for the flies to make distribution to 
human food and drink. A full report by Ward, Melnick, and Horstmann the 
same year records that the excreta of the two chimpanzees which they used 
had been proved free from virus just prior to the experiment, but became 
positive after the animals had swallowed fly-contaminated food. Both chim¬ 
panzees showed a rise in temperature, but did not develop paralysis. It was 
considered that poliomyelitis of a subclinical grade had been induced. In one 
animal, the excreta remained infective for fourteen days; in the other, for 
twenty. In the epidemic studied, which occurred in North Carolina, Musca 
domestica made up 349 of a trapped sample of 428. 

Melnick and Penner (1947) fed human poliomyelitis virus from stools of 
polio patients to blowflies ( Phormia regina). The virus was recovered from 
the bodies of the flies for two weeks following, and from their feces for three. 
It is interesting to note that when Theiler’s TO strain or murine-adapted 
strains were used, they were eliminated in five days, after the manner of 
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biologically inert material. This was true for species of Phaenicia and Sar- 
cophaga, as well as for Phormia regina. 

Melnick (1949) trapped 93,000 flies during the poliomyelitis epidemic in 
Rockford, Illinois, in 1945. Cynomolgus monkeys were used as test animals 
to determine the presence of virus in the flies. Phormia regina and Phaenicia 
sericata were the only species found positive during the peak of this epidemic, 
which occurred late in August. Two weeks later Phaenicia sericata ceased to 
be positive, but P. regina continued to yield virus, with Musca domestica and 
several species of Sarcophaga joining the list. During the third two-week 
period no positives were obtained. Two weeks later, however, when the epi¬ 
demic had virtually ceased, a species that had not been present earlier in the 
season, Cynomopsis cadaverina, yielded positive results. This author points 
out that numerical prevalence of a given species is no indication that it will 
be found a vector. Phaenicia sericata proved negative at a time when it con¬ 
stituted 24 per cent of the total catch, while Musca domestica, though making 
up only 4 per cent of the fly population, yielded virus of poliomyelitis. 

Francis, Brown, and Penner (1948) tested the ability of flies of various 
genera to acquire the virus by feeding on infected human stools. The presence 
of the virus in the fly was proved by inoculation into Rhesus and Philippine 
monkeys. Phaenicia, Phormia, Sarcophaga, Muscina, and Calliphora came to 
the stool-baited traps in much larger numbers than did Musca or Fannia under 
the conditions of the experiment. The results tend to show that practically any 
species of filth-feeding fly may acquire the organism, 

A sudden arrest of five outbreaks of poliomyelitis was reported by Deeny 
and MacCormack (1946) following the spraying of houses and grounds in 
the vicinity of infected patients with a kerosene solution of DDT. Bedroom 
and kitchen utensils were also carefully disinfected, and personnel were in¬ 
structed in the avoidance of droplet infection. It is, therefore, difficult to say 
how important fly control really was in accomplishing these results, but cer¬ 
tainly no modern prophylactic program would be considered complete with¬ 
out it. 

A brief but stimulating summary of American research concerning house¬ 
fly transmission of poliomyelitis was published (in French) by Leclercq in 
1948(a). 

AMOEBIASIS AND CERTAIN HELMINTH INFECTIONS 

Recent data on the transmission of Endamoeba histolytica by M. domestica 
have been brought forward by Roberts (1947), who fed 107 houseflies on a 
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standard emulsion containing histolytica cysts. The cysts were passed in the 
feces from five minutes to thirty-one hours after feeding. Roberts identified 
1,792 cysts in 147 fecal drops, passed by 68 flies. He also recovered cysts from 
vomit drops over a period of nine hours. 

According to Sieyro (1942), Musca domestica may pass cysts of Endamoeba 
histolytica anywhere from one minute to thirty-five hours after feeding. Ac¬ 
cording to the eosin test (which Sieyro does not think wholly reliable), viable 
cysts could be found in the fly’s excreta up to twenty-four hours after inges¬ 
tion. Sieyro found also that cysts of Giardia might be transmitted, as well as 
active trichomonads, which do not form cysts. 

Chang (1943) dissected 153 specimens of Musca domestica vicina captured 
in Chengtu without finding a single trophozoite, cyst, or ovum. He did, how¬ 
ever, find 60 out of 146 Chrysomyia megacephala, 4 out of 68 Lucilia sencata, 
and 2 out of 42 undetermined specimens of Sarcophaga to be carrying human 
parasites. 

Harris and Down (1946) studied the dissemination of cysts and ova of hu¬ 
man intestinal parasites by flies in the island of Guam. Flics that had been 
trapped near latrines in native villages were permitted to deposit specks on 
gauze moistened with saline. The fluid was then wrung from the gauze and 
centrifuged. The cysts (or ova) of no less than ten human parasites were 
identified microscopically. Endamoeba histolytica was cultured both from the 
sediment and from serum specked by flies on a native kitchen table. 

These workers also allowed flies to have access to fish placed on autoclaved 
earth near a native dwelling. Natural rainfall kept the earth in a moist con¬ 
dition. After five days, examination of the ground surface by dissecting mi¬ 
croscope revealed the presence of active nematode larvae resembling in all 
respects the filariform larvae of hookworms. Larvae isolated later by the Baer- 
mann technique possessed typical hookworm morphology. Harris and Down 
consider it not improbable that these larvae were brought into the area by 
flies. The evidence, of course, is but circumstantial. 

Among modern investigations, the work of Pipkin (1949) is especially 
worthy of mention. Pipkin holds that the external carriage of either cysts or 
trophozoites on the body of the fly probably plays no significant role in the 
transmission of amoebiasis except in situations where sanitary rules are gen¬ 
erally ignored. Transmission by way of the alimentary tract, however, he has 
found to be important. Neither cysts nor trophozoites had their viability re¬ 
duced by storage in the fly’s crop, as shown by modern culture techniques. 
There is some deterioration in the gut and rectum, however. Pipkin concludes 
that, since-viable cysts of E. histolytica may pass in the fly’s vomitus up to 
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sixty-four minutes after ingestion and in the feces up to four hours and 
twenty minutes after swallowing, such cysts may be considered to have much 
to do with amoebiasis on a community basis, especially in the more backward 
rural sections. 

According to this author’s earlier work (1942), the genus of the fly con¬ 
cerned seems to play an important part in determining the length of time 
during which the parasite remains viable in the insect’s body. Culturable cysts 
were recovered from the crop and rectum of Sarcophaga 180 minutes after 
ingestion, but in the gut of Musca the time span was 240 minutes. Again, the 
vomitus of Lucilia yielded culturable cysts after 17 minutes of internal car¬ 
riage, but with Phormia the vomitus proved contaminative for 64 minutes, at 
least. In the same genus, fecal droplets were positive up to 137 minutes after 
initial ingestion, while in the case of Cochliomyia the feces yielded culturable 
cysts over a period of 218 minutes. Trophozoites were less viable, but similar 
interesting differences were found. Culturable trophozoites were obtained 
from the crops of both Musca and Lucilia 15 minutes after ingestion, while 
the period was but 5 minutes for the gut, not only for these forms but also for 
the genus Phormia. Flies of the genus Sarcophaga yielded culturable cysts 
from the gut 30 minutes after ingestion, and from the crop 40 minutes after 
swallowing. 

Pipkin (1943) also studied the possibility that filth-feeding flies might 
transmit the ova of parasitic roundworms. External carriage by M. domestica 
and others was demonstrated for Enterobius, Necator, Trichuris ( Trichoceph - 
alus), and Ascaris. The flies remained contaminated for averages ranging 
from 1.37 to 3.47 hours. Smaller eggs, such as those of Trichuris, were ingested 
by practically all species of filth feeders, but only the larger types, such as 
Calliphora, could ingest the ova of Ascaris lumbricoides. 

In this connection, it is helpful to recall the findings of Graham-Smith 
(1930a), who states that since infective organisms may remain alive in the 
crop of muscoid Diptera for a number of days, the habit of frequent regurgi¬ 
tation ordinarily insures repeated reinfection of the inner surfaces of the 
labella. He notes, however, that helminth ova, which several workers have 
observed to be present in the feces of flies, are apparently never regurgitated 
in the vomitus. 

SCATTERED RESEARCHES ON FLY-BORNE DISEASE 

The present period has witnessed very little additional data on dysentery 
of bacillary origin. Worthy of mention is the report by Kuhns and Anderson 
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(1944) on a fly-borne epidemic in a large military organization. The work of 
Stewart, published the same year, on experiments carried out in Algiers has 
already been mentioned on an earlier page. 

De Souza-Araujo (1943) reported Musca domestica as becoming heavily in¬ 
fected with acid-fast and alcohol-fast bacilli from feeding at the ulcerated 
lesions of a hospitalized case of leprosy in South America. 

Moorehead and Weiser (1946) proved the survival of a food-poisoning strain 
of Staphylococcus in the gut and excreta of the housefly by suspending S. 
aureus 611 in a dilute solution of sucrose, which was then fed to approximately 
900 laboratory-reared houseflies and reisolated at suitable intervals. The ex¬ 
teriors of the flies were sterilized with a mixture containing 1 per cent aerosol, 
1 per cent potassium hydroxide and 5 per cent formaldehyde. S. aureus 611 
was found scattered in the footprints and proboscis marks of all groups ex¬ 
amined three days after ingestion of the organisms, but was not recovered 
from the exterior by 23 washings in a preparation of broth. Only 2 of 17 sus¬ 
pensions of excreta and vornitus contained the organism, but it was found to 
survive in the digestive tract for eight days in 18 of 23 samples tested. Among 
wild-caught flies, 10 out of 50 yielded Staphylococcus by isolation methods. 
These authors consider that Musca domestica may serve as a reservoir host for 
this organism under suitable conditions and thus be responsible for outbreaks 
of food poisoning by spreading Staphylococcus from contaminated food, 
equipment, or the soiled skin or clothing of persons engaged in handling food. 

The transmission of similar organisms from fly to fly as well as from fly to 
food or water was noted by Ostrolenk and Welch (1942a) in connection with 
their studies on Salmonella enteritidis. This well-known agent of food poison¬ 
ing survives in the fly as long as the insect lives (approximately thirty days). 
These authors succeeded in transferring Salmonella infection from flies to 
mice, and later from the infected mice to other flies. 

A preliminary report on the probable transmission of bovine mastitis by 
Musca domestica was published by Sanders in 1940. Mention has already been 
made of the experiments of Ewing (1942) which were designed to test the 
hypothesis. Sanders’ study was made on a milking herd of 65 animals in the 
summertime. Twenty-seven of the cows were known to have streptococcus 
mastitis, three had staphylococcus infection, and three had no mastitis by 
blood-agar-plate diagnosis. Flies that had fed on skim milk containing viable 
Streptococcus agalactiae for four days showed the organism present on their 
body surfaces in declining numbers for a week following. After that, cultures 
were negative. Preparations made from tissues of the fly, however, revealed 
that S. agalactiae survives internally for at least ten days. Since both this or- 
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ganism and pathogenic staphylococci were available at the external apertures 
of the teats in practically all the mastitic animals examined, flies in the dairy 
barn were probably carrying the organisms both externally and internally at 
all times. Ewing does not think that the housefly can be considered a very 
important agent for the transfer of bovine mastitis, thereby differing with 
Sanders, who considered M. domestica a natural vector wherever flies have 
access to infected milk, but both would agree that a certain amount of fly- 
borne infection exists. According to Sanders’ observations, the flies most easily 
infected healthy cows when the latter were being “dried off” before calving. 
Such animals stand many hours with the udder partly full, a condition par¬ 
ticularly inviting to infection. At any rate, houseflies are known to be persistent 
feeders at the openings of the teats and often visit other teats of the same or a 
second animal within a short span of time. Sanders records that the flies some¬ 
times inserted the proboscis deep into the orifice to seek more milk. Also, in 
some lactating cows, there is a very noticeable fossa at the extremity of the teat. 
This depression seems to form a natural anchorage for the insect’s feet. 

Shooter and Waterworth (1944) published briefly on the transmissibility 
of haemolytic streptococcal infection by flies. Twenty-seven flies caught in 
wards where there were streptococcic infections were permitted to crawl over 
a plated culture medium. Nine gave cultures of haemolytic streptococci. While 
this by no means proves the fly a vector of haemolytic infection, it is strongly 
suggestive thereof, especially when the condition spreads without explanation 
from one part of a hospital to another. 

MISCELLANEOUS CONSIDERATIONS RELATING 
TO EPIDEMIOLOGY 

One aspect of the disease relations of flies remains to be touched upon. This 
has to do with the possibility of the fly’s serving as carrier host for some other 
arthropod of medical importance. Larval mites have already been mentioned 
in Chapter X, but it remained for Leon (1920) to demonstrate that ordinary 
body lice can be carried by flies, only to leave the insect and attach to a warm¬ 
blooded host when opportunity affords. Leon’s studies had to do with the 
prevalence of typhus in Rumania in 1917, and it may well be that flies, when 
abundant, can be a tangible factor in the dissemination of this rickettsial dis¬ 
ease. However, since lice do not live too long away from suitable temperatures, 
it is not likely that they can survive on the fly more than a few hours at most. 
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CONTAMINATION OF SUCCESSIVE 
STAGES IN THE LIFE HISTORY 

In studies relating to the transmission of disease by filth-feeding flies, it is 
always important to inquire into the question as to whether or not disease 
organisms taken up by the larvae can survive pupation and be present in the 
body of the adult fly. Glaser (1923b) pointed out that Musca domesticu on 
pupating encloses many bacteria which do just this thing, as demonstrated by 
bacterial studies on recently emerged adults. Glaser also found bacteria in the 
upper regions of the air passages of pupae, but the fate of these was not de¬ 
termined. It was shown that M. domestica almost always carries far more 
bacteria than Stomoxys, a fact which might readily be inferred by comparing 
the feeding habits of the two species both in the larval and in the adult state. 

Considerably earlier than this, Graham-Smith (1912b) performed a series 
of experiments with the anthrax bacillus, which is a sporeformer, using three 
species of flies. He found that a large proportion of the houseflies that devel¬ 
oped from larvae infected with the spores were still infected. Nonsporeformers 
did not survive so well. Graham-Smith concluded that only those nonspore¬ 
formers which were adapted to conditions existing in the larval intestine could 
ordinarily survive through metamorphosis. Examples were Proteus morganii 
and certain non-lactose-fermenting forms. 

The pioneer work of Bacot (1911 a,b) with Bacillus pyocyancus, which he 
introduced into the larval food of M. domestica, showed that not only could 
the maggots harbor the bacilli until transformation, but that the organisms 
persisted both in the pupae and in the adult flies. 

Wollman (1921a), who used a sterile technique for rearing his maggots, 
found that larvae of Calliphora vomitoria, Lttcilia caesar, and Musca domes¬ 
tica which had been infected with typhoid, dysenteric, or tubercle bacilli gave 
rise to pupae which were still infected. He showed that the organisms were 
not passed on to the adult, but that the fly practically always contaminated 
itself with bacilli adhering to the exterior of the pupa. Such flies, however, 
remained infective only a few days. 

Considerable interest attaches to the work of Gosio (1925), who observed 
that maggots of M. domestica and other species frequently ingest Pasteurella 
pestis while feeding on the dead bodies of infected animals. Such maggots 
complete their development in a normal manner, though numerous plague 
bacilli can be found both in the ventriculus and in the feces. Only small num¬ 
bers of bacilli persist in the pupae. The adult flies that emerge from these are 
normal for a time, but soon develop large numbers of plague bacilli, and many 
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die in from 15 to 24 hours. Uninfected control flies lived approximately seven 
days. Gosio mentions that medieval literature records heavy mortality among 
flies during epidemics of plague. Gosio considers infection by way of the larva 
to be far more common than direct infection of the adult. 

A recent contribution to this field is that of Ostrolenk and Welch (1942a), 
who planted fly eggs in mash infected with Salmonella enteritidis. The result¬ 
ing larvae, pupae, and adults all proved to be infected. 

DISEASES OF PLANTS 

The role of flics in the spread of fire blight of orchard fruits deserves some 
comment. The work of Ark and Thomas (19^6) shows that the pathogen, 
Erivinia atnylot/ora, may Jive for several days in the intestinal tract of muscoid 
flies, specifically Musca domestica, Drosophila melanogaster, and Lucilia 
sericata. Eggs from contaminated houseflies have also been found to carry the 
organism. Furthermore, maggots, both of Drosophila and of Musca, when fed 
on contaminated food may give rise to infected pupae and infected adult flies. 
This suggests residence in fly pupae as a possible means of carrying the infec¬ 
tion over winter. The more obvious method of overwintering is through hold¬ 
over cankers on the trunks and branches of trees. Transmission of the bacteria 
by flies and other insects from the oozing cankers to the newly opened blos¬ 
soms has been stressed by Thomas and Ark (1934) and by Parker (1936). The 
establishment of secondary infections hy the passage of insects from blossom 
to blossom is generally accepted. The importance oUinsects as vectors of this 
very important disease of pears, apples, and many other species is adequately 
summarized by Leach (1940). 



CHAPTER XII 


Public Health Relations 


One of the seven was wont to say: “That laws were li\e cobwebs; where the small 
flies were caught, and the great breaks through.” — Bacon, Apothegm 181 

W OODROW WILSON once slated that laws are effective only insofar 
as they reflect the moral judgment that the community has come to 
possess. Health legislation is no exception. The achievement and maintenance 
of standards in regard to public health depend largely upon two important 
factors: (i) education of the people and (2) the enforcement of a legal code. 
Time has shown that in a democracy, at least, education is basic; legislation, 
secondary. 

The sanitary codes that govern fly nuisances and similar matters in the 
United States today are the outgrowth of a serious educational effort which 
had its beginnings prior to the turn of the century and reached its climax 
around the year 1910. 

As early as 1898 Veeder, lamenting the general ignorance of the public in 
regard to fly-borne disease, wrote as follows: 

Even in a private house, not at all uncleanly, I have seen typhoid dejections emptied 
from a commode, and the latter thoughtlessly left standing without disinfection 
within a few feet of a pitcher of milk just left at the door, both the commode and 
the pitcher attracting the flies, which swarmed about and went from the one to 
the other. 

Dr. Veeder advocated keeping a disinfecting solution, such as blue vitriol, in 
chamber utensils and water closets at all times. This had the added advantage 
of destroying all odor and thus causing the flies to cease their visits. 

In 1907 D. D. Jackson called attention to the inconsistency of spending large 
amounts for the control of malaria mosquitoes while the problem of intestinal 
diseases went largely neglected. Jackson pointed out that during a year in 
which there were 359 cases of malaria in Greater New York City, with 52 
deaths, 650 deaths occurred from typhoid and 7,000 deaths from other intes- 
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tinal diseases. Jackson’s report contains the following statement: “Our entire 
waterfront is without decent sanitary toilets, and most of the wharves are 
without any at all.” This document was subsequently transmitted through the 
Merchants’ Association of New York to Governor Charles Evans Hughes. 

But the problem was not confined to metropolitan areas. Washburn (1910) 
made some rather searching observations of health conditions on the Minne¬ 
sota iron range. Exposed filth of all kinds, including pathological excreta in 
close proximity to human food, plus enormous numbers of flies in all cities and 
towns, gave ample explanation for the epidemic of typhoid fever which oc¬ 
curred that season, as well as for a mild form of dysentery prevalent in July 
and August. Neither hotels, camps, boarding houses, nor houses of miners 
were properly screened. It was interesting to note that Finnish and Swedish 
workers suffered much more frequently than Italian and Austrian laborers, in 
spite of the fact that, in general, the Scandinavian families were cleaner in 
habits and environment than the other groups. It was found that the Swedes 
and Finns lunched frequently during the day on cold food which was left 
exposed on the table most of the time and which attracted many flies; these 
flies entered freely through the unscreened windows and doors, and in many 
cases must have come directly from typhoid excreta that had been deposited 
in open vaults without having been sterilized. The Austrians and Italians, 
however, ate hot meals, and the Italians, at least, used very little milk. Both 
these groups escaped typhoid. Nowhere could one find a better example of the 
danger of trusting to mere physical cleanliness, or of the need for education 
concerning the significance of bacterial contamination. To quote a modern 
Wisconsin State Board of Health bulletin: “Eye appeal is not sanitation” 
(Bliesner and Brown, 1945). 

While these reports made their due impression upon the medical profession, 
scientists, and those engaged in educational work at the higher levels, the 
general public still remained to be convinced that common flies were a serious 
menace to the health of the family or the community. To meet this situation 
the American Civic Association undertook a campaign in plain language 
calculated to guide ordinary folk who were interested in improving sanitary 
practices in their own homes. The following list of dont’s is quoted from a 
timely circular released by that organization: 

Don’t allow flies in your house. 

Don’t permit them near your food, especially milk. 

Don’t buy foodstuffs where flies are tolerated. 

Don’t have feeding places where flies can load themselves with ejections from 
typhoid or dysenteric patients. 
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Don’t allow your fruits and confections to be exposed to the swarms of flies. 

Don’t let flies crawl over the baby’s mouth and swarm upon the nipple of its 
nursing botde. 

Gradually the American people as a whole acquired a practical and intel¬ 
ligent attitude toward flies and fly-borne disease. As large numbers of indi¬ 
vidual citizens adopted better sanitary practices, the health standards of their 



Figure 90. A high-class picnic ground in northern Michigan. Refuse cans have tight- 
fitting lids, and are frequently emptied by attendants. Houseflies and blowflies are at 
a minimum, but picnickers complain about Stomoxys flies, which fly in from breeding 
areas. (Photo by Rollin Thoren.) 

respective communities became improved. There remained, of course, the in¬ 
evitable minorities who, through ignorance, prejudice, or plain indifference, 
continued to permit the existence of fly nuisances upon their premises. This 
problem could only be dealt with by force of law, and the more progressive 
communities proceeded to enact appropriate ordinances. It must be admitted 
that many of the early codes were poorly drawn. Some failed to cover impor¬ 
tant phases of the subject; others were impossible of enforcement. But experi¬ 
ence soon led to revision, and those cities and states that at first were somewhat 
backward in adopting sanitary codes profited greatly by the experiences of 
those that had pioneered in this regard. 

It must be remembered that fly abatement rather than fly elimination was all 
that sanitarians could hope for in this period, even in the cities and towns. 
The suggestion of Esten and Mason (1908) is typical of the somewhat 
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restricted viewpoint of: the day. These workers, who studied the sources of 
bacteria in milk, found the bacterial count of individual flies to range between 
550 and 6,600,000. The count increased as the season progressed, and appeared 
to indicate that the epidemics of intestinal disease among children fed with 
cow’s milk were caused more often by flies than in any other way. Their prin¬ 
cipal recommendation was that all sewer openings on private or public 
property should have blind openings of such a nature that it would be im¬ 
possible for flies to visit them. 

No one will question the wisdom of this suggestion, but it obviously con¬ 
cerns only one phase of a many-sided problem. Unaccompanied by other rec¬ 
ommendations, it appears to assume not only that flies by the millions were 
quite inevitable, but also that no marked improvement in the handling of 
milk and similar foods could be expected. Today, the sanitary bottling of milk 
and a very general adoption of pasteurization have almost entirely eliminated 
milk as a distributor of enteritis in areas where these practices are followed. 
This is especially true in states where hotels and restaurants are required by 
law to serve beverage milk in bottled form. Likewise, the reduction of flies to 
very small numbers, not only in towns but even in rural areas, was soon 
destined to become a practical possibility. Before ten years had passed, C. W. 
Howard (1917c) was advocating the “Flyless Farm,” through exhibits which 
were shown at various state fairs and which gave to thousands of rural folk 
their first concept of a life free from this form of nuisance. 

Two important conclusions should he obvious from the foregoing discus¬ 
sion: (1) that the legislative control of fly-borne diseases has many aspects and 
(2) that sanitary entomology is intimately involved with other important 
phases of public health. 

PUBLIC VERSUS PRIVATE RESPONSIBILITY 

Public health today implies the exercise by governmental agencies of a type 
of responsibility which the individual himself may not satisfactorily assume. 
Such responsibility falls under at least three heads: (1) the raising and appro¬ 
priation of public funds to be employed for the general protection of the peo¬ 
ple; (2) the promotion of a continuing program of health education; (3) the 
formulation, enactment, and enforcement of appropriate laws and ordinances. 

Health Protection 

Under this head may be listed various services directly beneficial to the 
citizenry at large. These include the provision of a safe water supply, sewage 
and garbage disposal, quarantine enforcement, and immunizing and labora- 
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tory services. Large-scale spraying operations for insect control constitute a 
modern addition to the list. These services are imperative in times of national 
disaster, such as flood, earthquake, volcanic eruption, or enemy bombing. For 
example, Kearns (1942) reported that both Musca domestica and blowflies in¬ 
creased enormously as a result of breeding in rubble following the destruction 
of English buildings by German bombs. The breeding medium consisted 
chiefly of decomposing foodstuffs scattered among the bricks, stones, and 
other debris. By spraying freshly exposed sites with tar-oil emulsion and re¬ 
peating this treatment every seven to ten days, authorities were able to achieve 
a fair degree of control. This type of spray repelled the egg-laying females and 
killed approximately 90 per cent of the eggs. 



Figure 9/. Desirable location for roadside table. Users will rarely stop here for 
defecatory purposes. Should such become necessary, exposed situation requires individual 
to walk a considerable distance, for privacy. (Photo by Rollin Thoren.) 


The Educational Approach 

This implies the education of the public by all possible means to a better 
understanding of good health practices, not only in regard to the personal care 
of the body but in regard to care of property as well. The most important phase 
of public health education relates obviously to communicable diseases and the 
part that the individual can and must play in controlling them. 

Modern sanitary education usually proceeds along two general lines: (1) 
through the popular press, lectures, radio, motion pictures, television, exhibits, 
home visitation, and other channels to influence the adult population; and (2) 
through public and private schools, youth organizations, and the like, to make 
certain that the rising generation, when mature, will be prepared to assume 
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responsibility in public health and related fields. There is also the indirect 
modification of adult viewpoint brought about by the transmission from chil¬ 
dren to parents of information gained during the school day. 

Health Legislation 

An enlightened population eventually reaches that degree of understanding 
which permits intelligent formulation of laws and ordinances to serve the 



Figure 92. Abused location. Close proximity of dense vegetation invites users to 
defecate in near vicinity of picnic table. At the close of a holiday week, the author found 
a “defecatory ring” surrounding the table, within a radius of fifty feet. Fly breeding was 
already under way. (Photo by Rollin Thoren.) 


local need. Such understanding also guarantees a degree of enforcement which 
only a unified majority opinion can insure. It is important that health laws be 
formulated in the light of the best scientific knowledge, and that provision be 
made for their periodic revision and improvement as new scientific informa¬ 
tion becomes available. Benefits from sanitary legislation are both direct and 
indirect, since enforcement not only eliminates the dangers from particular 
health hazards but serves likewise as a continuing educational agency, by 
functioning as a deterrent to potential offenders. 

A good example of what may be accomplished by appropriate ordinances 
and strict enforcement is provided by present conditions in the Panama Canal 
Zone and adjacent cities. As early as 1915, in an attempt to cut the death rate 
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among children in the city of Panama, instructions were issued for the con¬ 
struction, by the Panama Railroad, of a public stable of 250 stalls, to house 
animals previously stabled throughout the city. At the same time, steps were 
taken for the immediate removal of any stables on unimproved streets. The 
report of Siler in 1931 stated that not only the Canal Zone but likewise Colon 
and Panama City were quite free from flies. Siler stressed the importance of 
constant attention to waste disposal and the timely use of sprays. By 1935, 
Curry was able to report the daily removal of garbage and stable refuse from 
Colon, Panama City, and all towns in the Canal Zone. The beginning of the 



Figure pj. Planned garbage collection in a large city. An increasing number of 
American municipalities are investing in fleets of modern, hydraulic-hoist trucks, with 
sanitary bodies. (Courtesy of Gar Wood Industries, Inc.) 


rainy season (May and June) and the end of that season (around December) 
are both times when flies tend to breed profusely and have a wide range of 
dispersal, so that there is migration into the sanitated areas at those times. At 
any other season of the year, however, the presence of a single fly in any build¬ 
ing in the Canal Zone has become cause for comment. It should be remem¬ 
bered that these results were achieved almost ten years before the availability 
of DDT. 


ECONOMY IN PUBLIC EXPENDITURE 

Public responsibility on the state and federal levels is today an accepted 
principle, and the benefits to the population at large have surely justified the 
taxation involved. Cost, however, is becoming an increasingly important prob¬ 
lem as the activity of large private foundations, which have often pioneered 
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both in research and in education, inevitably decreases. In the United States, 
two reasons for this change are apparent: (i) the reduced purchasing power 
of the dollar, whereby the more or less fixed income of a foundation fails to 
cover the former scope of its work, and (2) the increased taxation of higher 
incomes, so that few corporations or individuals may hope either to set up 
new philanthropic enterprises of substantial size or to augment those already 
in existence. 

Civilization is therefore faced with an increasing necessity for governmental 
responsibility in health matters, and economy in management becomes im¬ 
perative. The more such,responsibility can be handled on the local level, the 
more significant will ,be the return on the expenditures involved. County 
health organizations are exceedingly important, and should be by all means 
encouraged. Especially unfortunate is the situation where the county seat, for 
example, employs its own health officer and, being protected, ignores the 
health needs of the rural area round about. An example of the type of problem 
involved has been furnished by Stiles and Lumsden (1916), who called at¬ 
tention to the fact that although farmers may prevent soil pollution and fly- 
borne enteritis on their own farms by the use of sanitary privies, children may 
be exposed to these dangers at the schools and the entire family similarly ex¬ 
posed when they attend rural churches. The tendency toward consolidation 
of rural school districts, with sanitary plumbing at the consolidation center, is 
largely removing the first menace, but small rural churches and chapels con¬ 
tinue to be. badly neglected in many areas. Thus entire families are endangered 
in spite of their own high standards. In such a situation, the personal influence 
of the county health officer is often sufficient to bring about the necessary cor¬ 
rective measures, with perhaps no public cost. Similar enforcement on the 
state level, on the other hand, can well run into large sums spent in travel, 
inspection, reporting, and court procedure. 

Another type of menace in rural areas may be a combination hog farm and 
garbage disposal, so located as to be beyond the range of nuisance laws pro¬ 
tecting cities and towns. This type of establishment has been fairly common 
in various parts of the United States. For years the potential danger to health 
may not become apparent. When, however, activities such as road building, 
track laying, lumbering, or military maneuvers require the concentration of 
a considerable number of persons in the vicinity of such a breeding center for 
flies, an emergency may be said to exist. 

An active local health officer will naturally be concerned in avoiding, in his 
area, the possible outbreak of a fly-borne epidemic originating in the unpro¬ 
tected camp, and will ordinarily bring pressure upon the hog farmer to utilize 
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approved methods of fly control. If camp authorities are lax, he can also be 
useful in stimulating the use of flytraps, screens, sprays, flypapers, poisons, and 
swatters within the camp boundaries. Even large-scale measures may prove 
ineffective in camps, however, when the center of fly production is neglected 
or overlooked. Dews and Morrill report (1946) that where a dairy barn was 
within 500 feet of a certain installation in the Fourth Service Command, 
thorough treatment of the Post with DDT effected no noticeable reduction 
in the fly population on government property. Treatment at the source, on 
the other hand, proved very effective in clearing up the problem. 



Figure 94. Private citizen’s rights ignored. This attempt on the part of the 
landowner to protect the beauty and value of his property proved futile, in 
the face of careless practices. (Courtesy of Michigan Department of Health.) 

FURTHER COMMENT ON RURAL PROBLEMS 

Another area in which the rural health officer may function is in co¬ 
operation with the county agricultural agent. Improvement in standards of 
dairy-barn management comes slowly, and practical farmers are not inclined 
to institute new methods without logical reason. The results of investigations 
carried on at agricultural experiment stations must first be reduced to practical 
recommendations and then interpreted in a manner that the practical operator 
can understand, if new practices are to meet with general adoption. Popular 
education through well-designed publicity is well within the province of the 
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local health officer, who, in turn, can look to the county agricultural agent to 
keep him properly informed. 

An excellent example of the type of study that can lead to specific improve¬ 
ments is the report of Atkeson, Shaw, Smith, and Borgmann concerning work 
carried on at the Kansas Agricultural Experiment Station. This report was 
published in the Journal of Dairy Science in 1943. 

The barn concerned was modern in all respects, and the establishment was 
producing grade-A milk. Walls were of glazed tile and the ceiling plaster was 
coated with enamel paint. Floors and walls were washed after each milking- 
period, and scattered droppings in adjacent dry lots were picked up twice 
weekly. In spite of these high standards, Musca domestica remained a prob¬ 
lem. It should be noted that the Standard Milk Ordinance Code of the United 
States Public Health Service, which was being observed, required screens 
on the milk house but not on dairy barns, since it was argued that because 
many flies enter the barn with the cattle, screens might act as a trap to keep 
them in. 

Systematic counts of flies on the walls and ceilings, as well as on the arrivals 
themselves, in both screened and unscreened barns showed that screens very 
definitely improve the situation, even when the cattle are turned in and out. 
A great difference also was noted between clean-swept barns and bedded 
barns, in that while few or no flies entered with the cattle in the first case, the 
fly count always rose significantly after the cattle were brought into barns 
with bedded floors. The odor of the bedding was presumably the stimulating 
factor here. Even in such barns, however, the flies could be completely con¬ 
trolled by use of screens and sprays. Another factor proved to be residual feed 
in the mangers, which, mixed with saliva, is not easy to sweep out completely. 
The residue consequently sours and attracts flies. Scrubbing, rather than 
sweeping, eliminates all this, with rather dramatic results as far as the fly count 
is concerned. Scrubbed areas showed a count of only 16 flies per hundred 
square feet; swept areas, 282—a difference of almost 18 to x. 

CO-OPERATIVE ENTERPRISE 

Intermediate, from an economic standpoint, between public health meas¬ 
ures at government expense and practices carried out by the individual citizen 
is the possibility of co-operative effort within a restricted area, where the needs 
of many individuals are more or less identical and there is a common health 
objective. Cory and Langford (1947) have reported on such an undertaking, 
carried out in Maryland in 1946. One per cent DDT, as a wettable powder, 
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was used to spray both barns and dairy cattle for a considerable number of 
farmers. Applied with a pressure of between 400 and 500 pounds, the DDT 
was effective for ten weeks on walls and for as long as six weeks on the ani¬ 
mals. Three applications, properly spaced, gave protection against flies for the 
entire season. Benzene hexachloride spray, prepared from 50 per cent wettable 
powder, was also found very effective but was not used on or near dairy cows 
because of its objectionable odor. 

Almost all of the farm owners and operators agreed that the protection cost 
less, and was more complete, than that which could have been achieved by in¬ 
dividual effort. There would appear to be good reason to encourage co¬ 
operative fly control, especially when it can make possible the ownership of 
more effective machinery for dispensing the insecticides. The utilization of 
labor that has acquired a degree of skill in the handling of modern spray 
materials can also operate to insure more uniform results throughout an area 
or community than those usually obtained when each establishment, some 
experienced, some otherwise, relies upon whatever labor is available. 

SPRAYING NOT A PANACEA 

Community-wide use of insecticides calls for special comment. To some it 
may appear such an easy way out that fundamental practices tend to lose their 
importance in the public mind. Of interest in this connection are the con¬ 
trolled studies carried out by Watt and Lindsay (1948), who demonstrated 
that in an area where morbidity from diarrheal infection was high, both in¬ 
fection rate and death rate could be materially reduced by the use of insecti¬ 
cides. Organisms of the Salmonella group were not controlled as satisfactorily 
as were Shigella infections, but both types became less frequent. Relief from 
danger, however, was only temporary, as shown by the fact that fly-population 
curves were reversed for but a few days following each application. The seek¬ 
ing out and elimination of breeding places still remains, therefore, the most 
important procedure in the control of fly-borne diarrheal diseases. However 
miraculous DDT and similar compounds may seem to be in reducing the fly 
population of rural areas, the availability of these insecticides should not be 
made an excuse for neglect of the basic principles of sanitation. 

It should be remembered that flies have considerable power of flight and 
that an individual fly laden with the virus of poliomyelitis needs only a mo¬ 
ment of contact with food, lips, or nostrils to unburden itself of its vicious 
cargo. Even though a few minutes later it may settle upon a wall made lethal 
by residual DDT, and within thirty minutes be a dead fly, the damage to the 
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family may already have been done, and the health and possibly the life of 
its members jeopardized. 

Furthermore, the infallibility of DDT is not nearly as universal as was 
originally supposed. Its effectiveness depends upon the age and sex of the 
fly, the surface being treated, and the nature of the preparation employed. The 
work of Fay, Buckner, and Simmons (1948) will serve to illustrate certain of 
these points: Flies tested three days after emergence proved to be more re¬ 
sistant to DDT residues than any other age group, and female specimens al¬ 
ways proved less susceptible than males. The effectiveness of DDT deposits 
proved to be influenced less by variations of concentration in the emulsion 
than by the type of surface treated. Surfaces exposed to rain retained a more 
satisfactory toxicity with 2.5 per cent DDT xylene emulsions than with 2.5 per 
cent water-wettable DDT powders. 

Therefore, even if reasonably complete protection can be secured, on occa¬ 
sion, by the use of insecticides alone, the tremendous importance of neatness, 
cleanliness, and orderliness in both family and community life should always 
be borne in mind. It is well known that fly-borne diseases may also be trans¬ 
mitted in a host of other ways, associated largely with carelessness in the 
handling of foods and beverages, dirty floors, dirty clothing, and unsanitary 
personal habits. To neglect the cleaning of stables, the repair of screens, or 
proper covering of a cesspool on the ground that the fly problem has been 
solved another way is to foster habits of general neglect and carelessness in 
the management of the home or business enterprise. Aesthetic ideals alone 
should dictate a high standard of property maintenance, one of the first guar¬ 
antees of a favorable health index in any community. It should be recalled 
that as long ago as 1912, Cox, Lewis, and Glynn showed the amount of dirt 
carried by flies in any particular locality, measured in terms of bacteria taken 
from their bodies, to be in definite relation to the habits of the people and to 
the condition of the streets. They emphasized the necessity for both municipal 
and domestic cleanliness, if the food of the inhabitants is to escape pollution. 

Along the same line, Parker (1916b) showed that a fly from an unsanitary 
area within a city might carry from 800,000 to 500,000,000 bacteria, whereas 
specimens from cleaner parts of the same municipality carried only between 
21,000 and 100,000. More modern work by Ostrolenk and Welch (1942b) lends 
additional force to these early findings. Their study of washings from the 
surfaces of flies showed the presence of from 2,500,000 to 29,500,000 bacteria 
per fly. For the colon-aerogenes group alone, the numbers ranged from 84,000 
to 2,000,000. The incidence of the latter proved to depend very largely on the 
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material on which the flies had fed. These authors state that the presence of 
even a very small number of flies in a food establishment constitutes a filth 
menace, the seriousness of which may be determined by an evaluation of sur¬ 
rounding conditions. A single fly heavily laden with microorganisms may 
deposit large numbers of pathogens on human food in a very short interval 
of time. 



Figure 95. A bad use of an attractive spot. A potential picnic ground and 
recreational area has been completely spoiled for human pleasure by promiscu¬ 
ous dumping of unsightly and malodorous refuse. (Courtesy of Michigan De¬ 
partment of Health.) 

SOME PROBLEMS OF CURRENT TIMES 

With the general improvement of sanitary conditions in cities, especially 
since the reduction in the number of stables and the close supervision of those 
which still remain, it might be reasonable to expect an almost complete relief 
from the intestinal disturbances of late summer and early fall. Any active 
pediatrician can tesify that such is not the case. Superficial analysis might lead 
one to suspect that flies are not, and never have been, a major factor in the 
enteritis of the warmer months. Again nothing could be further from the 
truth. We have just stressed the fact that it requires relatively few flies, and 
relatively few visits from them, to contaminate food surfaces when a source of 
infection exists nearby. 
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Vacation Risks 

Picture the general exodus of city populations for vacation purposes in the 
late summer. Not only is there the very general “week-ending” on the part 
of families in all walks of life, but in the United States, at least, we have the 
almost universal two-week vacation, during which the entire family either 
travels a considerable distance to a vacation spot or perhaps remains continu¬ 
ously on the road for an entire fortnight. 

Consider now the innumerable roadside stands, especially those displaying 
ripe fruit ready for consumption. The hands of the fruit vendor may be the 
source of the original contamination, or there may be an open privy in con¬ 
nection with the establishment. Quite often pickers, handlers, and transporters 
use the roadside thicket, ditch, or open field for defecatory purposes. This is 
especially likely to occur if one is distressed with cramps and has little time to 
seek a conventional place of relief. 

Once the skin of a single plum or tomato has become contaminated, either 
from handling or by the chance visit of a fly, that item becomes a central cul¬ 
ture plate from which not only houseflies but fruit flies, ants, and other visit¬ 
ants may now proceed to inoculate the entire stock in trade. 

Casual observation of the stream of purchases completes the record. Fruit ap¬ 
peals to the thirsty, and children especially are impatient of delay. Facilities 
for washing the skin of newly purchased fruit are usually unavailable in the 
immediate vicinity of the place of business. In fact, the provision of such 
facilities by the fruit dealer might even imply that his wares were dirtier than 
those of his competitor and therefore less desirable] Again, rare is the parent 
who insists on washing the fruit before the children eat it. 

Millions of summer travelers cover thousands of miles each year in North 
America alone, seeking health, recreation, education, sport, and scenic beauty. 
The tendency is more and more to forsake the beaten path and the sanitated 
hostelries for more intriguing, more out-of-the-way places where frequently 
only the most primitive facilities for waste disposal may be found. Little dan¬ 
ger lurks, to be sure, for the isolated individual or family that camps apart 
from other folk, but spots virtually unexplored the first season can become 
veritable traffieways the next, and it is in the not-quite-organized tourist and 
camping areas that the greatest menace to public health is found. As many as 
23 typhoid carriers have been found among 1,700 apparently healthy persons, 
according to certain published surveys. In the light of these figures, it is dis¬ 
concerting to find how very few of our summer campers have taken the 
trouble to secure the safeguard of a typhoid-paratyphoid inoculation before 
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taking to the field. Under circumstances such as these, we need but a relatively 
small fly population to start the evil procession and convey infection from feces 
to food and beverage, the first chapter in the conversion of a joyous and care¬ 
free vacation period into a tour of illness, anxiety, and perhaps disaster of a 
tragic kind. 



Figure 96. An unsightly and unsanitary condition along a highway, brought 
about by neglect of. both education and enforcement. Dumping was provided 
for in a designated area nearby, but citizens became increasingly careless. 
(Courtesy of Michigan Department of Health.) 

Sewage Sludge a Danger 

According to a progress report prepared by Bartsch and Scott (1949) re¬ 
garding pollution in the upper reaches of the Mississippi River, sludge and 
scum may constitute a real menace in relation to fly-borne disease. These 
deposits, always abundant along the banks as well as on the bottom of a 
sewage-contaminated stream, are frequently exposed during periods of low 
water and thus form a suitable medium for larval development, resulting in 
an increase of fly population which would not otherwise occur. Furthermore, 
since all such sludge deposits contain an abundance of living sewage organ¬ 
isms, flies have a twofold opportunity to become contaminated. The females 
that first seek such situations for oviposition, as well as the newly emerged 
flies of both sexes produced therein, are free to convey disease-producing bac¬ 
teria from this source to homes, restaurants, roadside stands, and picnic 
grounds, where infection of food and drink may very easily ensue. 

THE IMPORTANCE OF COMMON SENSE 

If a reasonably thorough program of health education can be carried out in 
the schools, many phases of fly control will never have to be defined by ordi- 
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nance. For example, the individual property owner is usually the best judge 
as to whether his garbage can should be housed in a container that is dog- and 
ratproof. If experience teaches him that there are prowlers abroad to remove 
the lid, upset the can, and scatter the contents, it is only sensible to conclude 
that better housing should be provided. A very practical container for smaller 
cans may be devised by sinking a section of large-diameter tile vertically in the 
ground. The bottom may be of cinders or gravel to facilitate drainage. This 
should occasionally be sterilized with Lysol or some other disinfectant. The 
can is lowered into the tile, where it remains until filled. The can should be 



Figure 97. Disposal of garbage by feeding to hogs. This should be dis¬ 
couraged unless there is a feeding platform which can be given sanitary care. 
Many flies are generated by a situation such as this. (Courtesy of Michigan 
Department of Health.) 

equipped with appropriate handles or bail for lifting out. A weighted or 
locked lid closes the top of the tile between visits. 

Again, the use of paper bags to contain small units of garbage before they 
are consigned to the can may be of great advantage. Paine (1912) suggested 
this as a means of preventing maggots from remaining attached to the sides 
of the pails after collection. In his day it was not considered practical to insist 
that garbage pails be flyproof. Also, much of the garbage was flyblown before 
being placed in the pails. Experience will show whether such a procedure is 
necessary. It certainly leaves a cleaner pail after the garbage has been dumped, 
and in northern latitudes guards against the freezing of garbage to the sides 
and bottom in the wintertime. 

It should be emphasized in all educational campaigns that it is the great 
adaptability of the housefly that makes this public health problem such a far- 
reaching one. Derbeneva-Ukhova and Kuzina (1938) noted that in the ab- 
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sence of refuse dumps, horse dung, and pig dung, Musca domestica used the 
refuse in boxes and ditches, and even the cracks in the floors of bakeries and 
communal kitchens, for breeding purposes. Moist earth in the vicinity of 
kitchen drains, or where slops of any kind have been thrown out, may itself 
become a breeding medium. Reasonable watchfulness on the part of the en¬ 
lightened citizen can guard against seemingly harmless situations becoming 
sources for the production of flies. 



Figure g8. A situation that has got out of hand. The sign reads “Dump 
1,000 feet,” but users have long since taken to shortening the distance, with 
most undesirable results. (Courtesy of Michigan Department of Health.) 


PUBLIC HEALTH ECONOMICS FROM A WORLD 
STANDPOINT 

We should not forget that standards which have become commonplace in 
a country where the wealth per capita is relatively high are hardly applicable 
in areas where the economic ratio is reversed. This is merely another way of 
saying that the public health measures which a community creates for its 
protection will necessarily be sharply limited by the economic resources of 
the people. 

For example, let us compare the last word in garbage disposal as carried out 
by an American industrial city with the approved procedure for the disposal 
of town wastes in India. Each is practical and up to date for the setting in 
which it is to be used. 

The American sanitary land fill, which is fully discussed in Chapter XVIII, 
requires, for its maintenance, a standard wide-tread, crawler-type tractor 
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equipped with a bullclam bucket or shovel. A regular bulldozer and dragline 
may be substituted, but in either case the investment in expensive machinery 
is large. The tremendous amount of metal, glass, and paper in American refuse 
makes it impractical to separate these items from organic components with 
a view to using the latter for agricultural purposes. Everything is dumped 
together, covered, and compressed. Miller (1948) points out that low, swampy 
areas, which formerly bred mosquitoes, may thus be converted into appro- 



Figtirr 99. Modern facilities reduce fly hazard. Left: Ladies’ toilet at state-supervised 
roadside park, Muskegon County, Michigan. Right: Interior of the same facility, show¬ 
ing high standard of construction and maintenance. (Courtesy of Michigan State High¬ 
way Department.) 

priate sites for parking lots, drive-in theaters, used-car displays, public parks, 
and playgrounds. The emphasis on automotive interests is noteworthy, and 
typically American. No special thought need be given to fly control, as the 
bulk of the material is not likely to be infested before delivery, and the con¬ 
stant addition and compression make emergence of flies from deep layers dif¬ 
ficult or impossible. A properly handled land fill is both rodent- and insect-free. 
In India, on the other hand, the disposal of town wastes involves handling 
fecal matter, as well as garbage and litter. The percentage of glass and metal is 
usually not high, and the conservation of organic elements is vitally necessary 
from an economic standpoint. Special machinery is rather out of the question; 
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on the other hand, labor is relatively abundant and inexpensive. The usual 
disposal is by means of a compost trench, in which 3-inch layers of dry refuse 
are made to alternate with i-inch layers of excreta. The principal drawback 
to this otherwise satisfactory procedure lies in the fact that both eggs and larvae 
of various dipterous species are usually present in the excreta and refuse be¬ 
fore these are delivered at the compost depot. The prevention of their further 
development in the compost trench is not easily accomplished, as some meth¬ 
ods are out of the question because of the expense involved. 

Acharya and Krishna Ran (1945a,b), in the attempt to render control both 
more simple and less costly, settled upon three procedures, any of which, with 
reasonable care, can be relied upon to be at least 95 per cent effective. 

The first aims at setting up anaerobic conditions by covering the compost 
with a plaster composed of equal parts of cattle dung and fine earth, plus an 
appropriate amount of water. This is kept intact for one week, from the sixth 
to the thirteenth day, during which time constant supervision is provided to 
close up any cracks that may develop. For large-scale operations it is often 
difficult to secure sufficient fine earth and dung, but for disposal of small 
quantities, this method is very satisfactory and is quite as adaptable for treat¬ 
ing heaps as for taking care of refuse placed in trenches. It has the disadvan¬ 
tage of delaying the decomposition process to some extent. 

A second procedure involves placing a 2-inch layer of earth upon the com¬ 
post, followed by 6 inches of dry refuse, which is burned on the sixth day. 
Where infestation is heavy, a second burning on the tenth day is considered 
necessary. This is very satisfactory in the dry season, but in wet weather a 
sufficient quantity of dry refuse is difficult to obtain. It is, of course, much more 
applicable to trenches than to heaps, and in all cases there is some destruction 
of humus and loss of nitrogen, due to heating and drying. 

The third, and probably most satisfactory, method involves the use of a 
cover cloth of drill, treated with tar on both sides. If hessian cloth is used, pre¬ 
liminary treatment with earth-dung plaster is recommended. Such a cloth is 
spread over the trench, or heap, from the sixth to the thirteenth day, with the 
margins fixed on the ground by a layer of earth-dung plaster, above and below. 
Supervision with regard to cracks is necessary, as with the first method de¬ 
scribed, but as only the margins are involved, much less labor is required. As 
when plaster is used alone, the object is to set up conditions of an anaerobic 
character. Larvae, pupae, and emerging adults are thus asphyxiated. Acharya 
and Krishna Rao consider this the most generally useful, as well as the most 
economical, method of the three. 

Any of these methods is superior, of course, to the so-called “Bangalore” 
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method, consisting of the use of soil alone. While this prevents most oviposi- 
tion, it obviously does not destroy eggs, larvae, or pupae which may already 
be present. 

In regions where an abundance of green vegetation is readily available, the 
use of such material in composting gives excellent results. The decomposition 
of green vegetation generates a tremendous amount of heat and results in the 
complete destruction of any eggs, larvae, or pupae which may have been pres¬ 
ent in the associated rubbish, animal manure, or night soil. Pathogenic organ- 



Figurc loo. Fly menace, due to improper operation of sewage-disposal plant. Ac¬ 
cumulation of sludge occurred at outlet of roadside ditch into county drain. This has 
since been corrected by modern sewage treatment works. (Courtesy of Michigan De¬ 
partment of Health.) 

isms likewise disappear, and when composting is complete, the mass is 
entirely innocuous. Dr. J. W. Scharff (1940), formerly Chief Health Officer 
in Singapore, is convinced that this method has great value in suppressing fly 
breeding in Malaya, and holds the presence of any considerable number of 
flies to be indicative of careless or faulty workmanship in handling the com¬ 
post. 

Obviously, any planned procedure is infinitely preferable to no method at 
all. For example, on the eastern front in World War I, Hase (1916) reported 
deplorable conditions in the small villages of Poland. Solid excrement, both 
human and animal, was thrown on fields. Liquid refuse was poured into 
several gutters which joined at the lower end of the village to form a stagnant, 
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foul-smelling pool. Hase remarks that “very little fly control was possible 
under these conditions.” 


WORLD-SPONSORED SANITATION 


It has often been stated that the League of Nations failed. This was not true 
in the area of health research. It is of interest to recall the investigations of 
Lorincz, Szappanos, and Makara (1935-1936), results of which were pub- 



Figure 101. Supervision and upkeep are important. Lids are chained to 
containers, but this is no protection when cover becomes damaged or falls off. 
These two refuse cans were found as shown, at a roadside picnic site. Both 
were malodorous, and contained many flies. (Photo by Rollin Thoren.) 


lished in the Quarterly Bulletin of the League’s Health Organization. These 
studies were confined to the fly problem in Hungary. To them we owe the 
significant information that the further advanced the fermentation process is 
in the breeding medium, the longer will be the duration of the larval stage. 
These workers also demonstrated that traps baited with overripe or decom¬ 
posing fruit attract nearly seven times as many flies as traps baited with human 
feces. This indicates a very pronounced tendency for houseflies to spend a 
great portion of their time in the fruit market and reminds us that the han¬ 
dling and sale of this type of food can become a significant public health prob¬ 
lem. Interesting correlations were worked out for fly density and the incidence 
of typhoid. The disease followed the fly curve with a lag of approximately four 
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weeks; August and October were the peak months for flies, and September 
and November, for typhoid fever. Obviously, flies are not the only cause of 
seasonal fluctuation. 



Figure 102. Inviting nook in a well-handled city park in northern Michigan. Good 
co-operation between visitors and park attendants keeps the area clean, sanitary, and at¬ 
tractive throughout the season. (Photo by Rollin Thoren.) 


It is confidently expected that the United Nations, through its World 
Health Organization, will likewise sponsor and advance the sanitary aspects 
of applied science, in the interest of healthier and happier individuals. Certain 
phases of the program of UNESCO should also be of value in this respect. 








CHAPTER XIII 


Myiasis 


Though he in a fertile climate dwell, plague him with flies. — Shakespeare, Othello 

T HE term “myiasis” is applied to the presence of the larvae of any species 
of fly within or upon the human or animal body. This form of para¬ 
sitism may involve the skin and subcutaneous tissues, the natural apertures 
and adjacent cavities (such as the nasal passages and sinuses, mouth, anus, 
orbit of the eye, vagina), or the more internal cavities (such as the intestine, 
stomach, or bladder). A few, like Hypoderma, migrate through many types 
of tissue before arriving at a definite location. 

Species have been grouped according to the extent to which the parasitic 
behavior has become confirmed: 

(i) Specific myiasis. These forms are obligate parasites, and are therefore 
unable to complete their life cycles without appropriate hosts. The Congo 
floor maggot ( Auchmeromyia luteola), the Tumbu fly ( Cordylobia anthro- 
pophaga), the so-called human botfly ( Dermatobia hominis), the oxwarbles 
{Hypoderma), horse botflies ( Gusterophilus) and other botflies, and certain 
screwworm flies {Chrysomya, Callitroga ) are common examples. 

(2) Semispecific myiasis. This applies to infestations by species which ordi¬ 
narily deposit their eggs or living maggots in decomposing plant or animal 
matter, but which may adopt the parasitic habit on occasion, as when ovipos¬ 
iting flies are attracted by the odors from sores, wounds, body discharges, or 
soiled clothing. The larvae of such forms may penetrate considerable distances 
into the cavity or lesion, but rarely or never attack healthy tissue. In this way 
they may actually be of benefit in removing necrotic material, and wounds 
infested with maggots have sometimes been observed to heal more rapidly 
than lesions which were maggot-free. In this connection it is important to note 
that the salutary effect is due less to mechanical cleansing than to the secretion 
of certain chemical substances which stimulate tissue proliferation. (See page 
342 for discussion of therapeutic myiasis.) 
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Puri (1943) lists the following species as responsible for semispecific myiasis 
in India: Aphiochaeta ( Megaselia ) scalaris Loew, Calliphora erythrocephala 
(Meigen) (vicina R.-D.), Calliphora vomitoria (Linnaeus), Chrysomya me- 
gacephala (Fabricius), Lucilia ( Phoenicia) cuprina (Wiedemann), Lucilia 
(Phaenicia) sericata (Meigen), Musca domestica Linnaeus, Sarcophaga rufi- 
cornis (Fabricius). Representatives of the same and related genera exhibit 
similar habits in other parts of the world. 

Semispecific myiasis appears to depend on the adaptability of the species to 
a number of environmental conditions. For example, Kozhanchikov (1947) 
found that Calliphora erythrocephala (C. vicina R.-D.) has a very low thermal 
optimum, which ranges from 18 0 to 20°C (64.4° to 68°F). This species is 
thus quite unable to adjust permanently to the body temperature of mammals 
and birds, though it tolerates a greater range of pFI than might reasonably be 
expected. 

(3) Accidental myiasis. Here are grouped those facultative parasites which 
are capable of adapting themselves to the environment of the alimentary tract 
and other cavities with exterior connections. Eggs or larvae sometimes are 
deposited on human food, or upon excrement or other decomposing material 
which may later be introduced into the mouth, usually by way of the fingers 
or soiled utensils. No hard and fast line may be drawn between semispecific 
and accidental myiasis. Infestation of the bladder by maggots which have 
migrated through the tissues from the alimentary tract is surely accidental. On 
the other hand, urethral, vaginal, or even rectal myiasis, if due to the actual 
deposition of egg or first-stage larva within the orifice concerned, is scarcely 
to be distinguished in mode of origin from nasal, ocular, or aural. The classi¬ 
fication will frequently depend on whether the particular species of fly has 
been recorded more than once from the same tissue or location. Eristalis 
( Tubifera ), Fannia, Aphiochaeta, Sarcophaga, and Musca ( M. domestica) are 
among the genera recorded as producing accidental myiasis in man. 

The relation of Musca domestica to all these conditions is rather limited, 
but the phenomenon itself is of such interest, and can be so important from a 
medical standpoint, that a brief, general treatment of human myiasis seems 
quite in order in a volume of this type. 

Use of the term “myasis” (note spelling) dates from 1840, when the Rev¬ 
erend F. W. Hope proposed a more descriptive terminology than that which 
had been employed by Kirby and Spence (1826) in their well-known Intro¬ 
duction to Entomology. These authors had used the term “scholechiasis” for 
larval infestations of all kinds. Hope, recognizing that three orders of insects 
are chiefly concerned, proposed that “scholechiasis” be restricted to infestations 
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by lepidopterous larvae, that “canthariasis” be similarly employed for infesta¬ 
tions in which Coleoptera are present, and that “myasis” be adopted for all 
conditions in which dipterous larvae are involved. Subsequent modification of 
the spelling (and pronunciation) is of rather recent origin, and represents a 
desirable attempt to render medical terminology more uniform. (Compare 
schistosomiasis, amebiasis, etc.) 

Hope compiled rather extensive tables, with references to published authori¬ 
ties, for many countries of the world. Nine cases were positively credited to the 
genus Musca, with three more listed as “probable.” Rather shrewdly, Hope 
suggested four methods by which human beings may become parasitized: (1) 
by adult insects’ depositing ova on the living person; (2) by insects’ depositing 
ova on dressed meat, through subsequent consumption of which the ova reach 
the stomach; (3) by persons’ swallowing ova which have been deposited on 
too-ripe fruit, raw vegetables, and salads; (4) by swallowing ova and larvae in 
“impure and turbid” water. 

If we add to these methods (1) the possibility of the larva seeking the host 
on its own initiative, as in the case of the Congo floor maggot, and (2) the 
utilization of a transport host, as with Dcrmatobia hominis, the summary is 
practically complete. 

The world literature on the subject is extensive but widely scattered, and 
many of the references are questionable, as misidcntification of species has been 
all too common, and misinterpretation of clinical data is frequent also. A few 
of the more important contributions may he mentioned: 

For the United States, the paper of Dove (1937) is especially informative. 
Larvae of Phormia regina and of Sarcophaga bullata are discussed as occurring 
superficially in necrotic wounds, with Musca domestica more common in 
“filthy” injuries. Dove considers Cochliomyia (Callitroga') amcricana the most 
important as well as the most dangerous of American species. It is recorded 
from a large number of cases. Sinuses and nasal cavities are most commonly 
involved, though deep wounds almost anywhere on the body may be attacked. 

Mazza, Jorg, and Basso (1939) give interesting data from Argentina. These 
include observations of M. domestica on carcasses in open air. Mumford 
(1926) records three cases of myiasis from northern England, including ex¬ 
amples of urethral infection by larvae of M. domestica and Fannia canicularis. 
A useful reference in Swedish is Lampa’s paper (1887), which deals primarily 
with intestinal forms. A number of papers in Russian, by Portchinsky (1906, 
1913c, 1915, 1916), treat of human infestation with Oestrus, Rhinoestrus, 
Wolhjahrtia, and other forms. 

There is extensive literature for various parts of Africa. Lewis (1933) gives 
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important data for Kenya Colony, while Bedford (1926) has prepared a useful 
check list of myiasis-producing forms for South Africa. A comprehensive treat¬ 
ment of myiasis in Tripolitania was published by Onorato in 1922. An older 
but valuable paper by Roubaud (1914) gives similar information for French 
West Africa. For India and adjacent areas, the several papers by Patton 
(1920a,b,c, 1921b, 1922c,d,e,f) should be consulted. 

For identification of myiasis-producing Diptera throughout the world, the 
contribution of James (1947) is by far the most useful. It is amply illustrated, 
and contains valuable keys and tables. Both adult and larval characters are 
treated. In discussing the various types of myiasis, James makes extensive use 
of the classification proposed by Bishopp and others (1926), who recognized 
the following categories: (t) tissue-destroying forms, (2) subdermal migratory 
forms, (3) larvae infesting the intestinal and urogenital tracts, (4) forms in¬ 
festing the head passages, and (5) bloodsucking forms. 

James expanded this to nine separate headings, thereby arriving at a classi¬ 
fication especially useful to the clinician, who must always begin with symp¬ 
toms, relating to lesions in a definite part of the body and, by subsequent 
investigation, locate the etiological agent concerned: 

1. Traumatic (wound) myiasis. 

2. Myiasis of nose, mouth, and accessory sinuses. 

3. Aural myiasis. 

4. Ocular myiasis. 

5. Myiasis of the anal region and vagina. 

6. Myiasis of the bladder and urinary tract. 

7. Furuncular dermal or subdermal myiasis. 

8. Creeping dermal or subdermal myiasis. 

9. Enteric, i.e., gastric, gastrointestinal, or intestinal myiasis. 

In Table 16, based on data compiled by James, the categories are regrouped 
and a tenth subdivision is added to provide for the unique bloodsucking habits 
of the Congo floor maggot. These tables will, it is hoped, prove of value to 
the pathologist or technician in guiding him toward a proper identification of 
the forms encountered. The last column should aid in estimating the serious¬ 
ness of the infestation. Only generally accepted, authentic records are here 
included. 

IDENTIFICATION OF LARVAE REMOVED OR RECOVERED 
FROM HUMAN HOSTS 

First- and second-stage larvae are usually very difficult to identify. If only 
such early stages are recovered, the physician will do well to send his material 
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Figure 103. Recognition characters of larvae causing myiasis in man. (From Manual 
0) Tropical Medicine, by Mackie, Hunter, and Worth [L. S. West, collaborator]; cour¬ 
tesy of W. B. Saunders Company.) 



Traumatic (developing at the site of wounds) 
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C. Lesion in the form of a cutaneous furuncle 
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E. Lesion affecting the eyes, either externally or internally (ophthalmomyiasis) 

Callitroga americana Nearctic and Neotropical Calliphoridae | Specific 

Chrysomya bezziana Oriental; Ethiopian Calliphoridae 1 Specific 
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c nrysomya cnioropyga itnioptan region Calliphoridae Semispecih 

Drosophila ftinebrts North and Central America; Palearctic; Africa; Drosophilidae Accidental 

western Australia 

Vannia canicularis All regions except Oriental Muscidae Accidental 
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to known experts in the field for study. The Bureau of Entomology and Plant 
Quarantine, U.S. Department of Agriculture, Washington, D.C. is glad to 
assist in this connection. Large maggots, however, especially those which 
leave the host of their own volition, are usually in the third, or last, stage of 
larval development, and possess well-developed characters by which normally 
trained technicians can make accurate identification in the majority of cases. 
The Key to Mature Larvae, adapted from James, is intended as a practical aid 
to pathologists and hospital technicians. An explanation of certain terms and 
structures will be found in the legend pertaining to Ligure 103. 

KEY TO MATURE LARVAE OF SPECIES LISTED 
IN TABLE 16 * 

1. (10) Head distinct, though sometimes retracted into prothorax; an¬ 

tennae recognizably developed and situated on a sclerotized 
plate; mandibles broad; no free cephalopharyngeal skeleton 
.'. 2 

2. (5) Head complete, never retracted into prothorax. 3 

3. (4) Each segment of thorax and abdomen divided into two or three 

annuli, some of which bear transverse, sclerotized bands on dor¬ 
sal side; last segment in the form of a sclerotized air tube. 

Family psychowdae, genus Psychoda; examples: P. albipennis 
Zetterstedt, and P. alternata Say. 

4. (3) No division of thoracic and abdominal segments into annuli 

(though each abdominal segment may have an anterior restric¬ 
tion) ; no sclerotized air tube.Family sylvicoudae, genus 

Sylvicola; example: S. fenestralis (Scopoli). 

5. (2) Head retracted into prothorax, therefore appearing incomplete; 

no deep incision between head and thorax. 6 

6. (7) Mandibles opposed, movable horizontally; body always cylin¬ 

drical, with fingerlike processes around posterior spiracles 

.Family tipuudae, genus 

Tipula (?) (forms causing human myiasis not identified in 
literature beyond family). 

7. (6) Mandibles adapted only for vertical movement; body of vari¬ 

ous forms, but not as in Tipulidae. 8 

8. (9) Body flattened in form and finely “shagreened”; abdomen with 

* Mintho algira, family Larvaevoridae, and Paregle radicum, family Muscidae, are not 
included, for lack of reliable diagnostic characters. 
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spiracles in the lateral position.Family 


stratiomvldae, genus Hermetia; example: H. illucens (Lin¬ 
naeus). 

9. (8) Body cylindrical, not “shagreened”; abdomen without lateral 

spiracles; last abdominal segment ending in two points, ver¬ 
tically disposed.Family therevidae, genus Thereva; ex¬ 

ample: T. nobilitata Fabricius. 

to. (1) Head poorly developed, appearing as a small, unsclerotized seg¬ 
ment; antennae absent or obscure, never situated on a sclero- 
tized surface; mandibles replaced by mouth hooks; free, 
pharyngeal skeleton present . 11 

11. (18) Typical maggots with smooth surfaces; body tapering and nar¬ 

row in front, broad and truncate behind; only the last segment 
with prominent tubercles or processes; posterior spiracles never 
borne on processes or on a respiratory tube. 12 

12. (75) Posterior spiracies always sunken in a rounded cavity; inner 

spiracular slits diverging from one another ventrally. 

.Family sarcophacidae: three genera, Wohlfahrtia, 

Sarcophaga, Titanogrypha. The last is represented by T. data 
Aldrich, of which only first-stage larvae are known. The others 
may be separated roughly. 13 

13. (14) Branches of anterior spiracle few in number, never exceeding 

ten, and spread out fanlike; form of body more robust. 

Genus Wohljahrtia; examples: W. vigil (Walker), W. nuba 
(Wiedemann), W. opaca (Coquillet), W. magnified (Schiner). 

14. (13) Branches of anterior spiracle more numerous in most species; 

tubercles above and below posterior spiracular cavity strongly 
developed; form of body more slender . Genus Sar¬ 

cophaga. At least twenty-two species are positively recorded as 
agents of myiasis. They are very difficult to separate even in the 
adult state, where the male genitalia constitute the most reliable 
indication of species limits. 

15. (12) Posterior spiracles usually flush with the surface of the anal seg¬ 

ment; if spiracles lie in a shallow cavity, the inner slits converge 


ventrally toward the median line . 16 

16. (17) Slits of posterior spiracles long, slender, and more or less paral¬ 

lel to one another.Family cai.i.i- 

phoridae (in part) . 56 

17. (16) Slits of posterior spiracles either sinuous or short and radially 
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arranged . Family muscidae 

(in part). 9 1 


18. (ri) Larvae either grublike, or with tubercular or spinous processes 

on the segments, or with posterior spiracles on individual 
processes, or at the end of a respiratory tube. 19 

19. (42) Larvae grublike . 20 

20. (29) Each posterior spiracle with three well-marked slits. 21 

21. (28) Larvae with spines; slits of posterior spiracles not sinuous. 22 

22. (27) Larvae ovate in outline; spiracular slits bent at the middle; 


spiracular concavity slight or wanting . Family gaster- 

ophilidae, genus Gasterophilus . 23 


23. (24) Spines on anterior margins of segments arranged in a single 

row. G. nasalis (Linnaeus). 

24. (23) Spines on anterior margins of segments arranged in two rows, 

the anterior of which is more robust. 25 

25. (26) Spines large, strong, and rather blunt; at most one or two pairs 

of spines lacking on dorsum of segment ten; at least one to five 
spines present on either side of segment eleven, above the lateral 
line . G. intestinalis (Degeer). 

26. (25) Spines small, with slender points; entire dorsum of segment 

eleven and middle portion of the dorsum of segment ten are 

spineless . 

. G. haemorrkoidalis (Linnaeus). 

27. (22) Larvae more or less pear-shaped; spiracular slits straight and 

elongate; spiracles in a deep concavity. 

. Family cuterebridae (in part), genus Dcrtna- 

iobia; example: D. hominis (Linnaeus Junior). 

28. (21) Naked, wrinkled larvae with posterior spiracles widely sepa¬ 

rated; if otherwise, the spiracular slits are always sinuous. 

. Family calliphoridae (in part) 

._. 5 6 

29. (20) Each posterior spiracle with many small openings; slits usually 


indistinct . 30 

30. (35) Mouth hooks small and rudimentary . Family 

hypodermatidae, genus Hypoderma . 31 

31. (32) Segment ten devoid of spines; posterior spiracular plate deeply 

excavated toward the button . H. bovis (Linnaeus) 


32. (31) Segment ten with spines on ventral surface; posterior spiracular 
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plate less conspicuously excavated toward the button. 33 

33. (34) Segments eight and nine with no posterior bands of spines on 

dorsal surface; segment ten with ventral spines on anterior por¬ 
tion only; posterior spiracles divergent. 

. H. diana Brauer. 

34. (33) Segments eight and nine with posterior bands of spines on dor¬ 

sal surface; segment ten with ventral spines on posterior por¬ 
tion only; posterior spiracles not divergent . 

. II. Uneatum (Villers). 


35. (30) Mouth hooks well developed, usually large. . 36 

36. (39) Spines on body surface weak, confined to ventral surface or to 

anterior margin of dorsal segments . 

. Family oestridae . 37 


37. (38) Posterior spiracles D-shaped, completely surrounding the but¬ 

ton .Genus Oestrus; example: O. ovis 

Linnaeus. 

38. (37) Posterior spiracles crescent-shaped, never completely surround¬ 

ing the button (though approaching this condition in some 

instances) . Genus Rhinoestrus; example: 

R. purpureus (Brauer). 

39. (36) Spines on body surface stronger; spines or spinous plates more 

or less evenly distributed .Family cutere- 

BRIDAE (ill part) . 40 

40. (41) Thick, ovoid species, thickly beset with spines or scales; last seg¬ 

ment short; posterior spiracles in a shallow cavity. 

.Genus Cuterebra (only first-stage larva known 

from man). 

41. (40) Elongated species, with spines in patches; last segment conspic¬ 

uous; posterior spiracles flush with surface, which bears conical 


extension below.Genus 

Cephenemyia (of doubtful occurrence in man). 

42. (19) Larvae not grublike. 43 

43. (80) Body with various types of prominences on dorsal and lateral 

surfaces . 44 


44. (51) Larvae flattened, with long, filiform processes, more or less 

branched, borne on sides and dorsum of the segments. 

. Family muscidae (in part), genus 

Fannia . 45 
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45- (46) 

4 6 - (45) 

47- (5°) 

48. (49) 

49. (48) 

5°- (47) 
5>- (44) 

5 2 - (55) 

53- (54) 

54- (53) 

55- (5 2 ) 

56. (69) 

57- ( fo ) 

58- (59) 

59- (58) 

60. (61) 

61. (60) 


Dorsal and lateral processes similar; those in abdominal region 

spinulose on basal region only, never pinnate. 

. F. canicularis (Linnaeus). 

Lateral processes more than twice the length of the dorsal ones; 


laterals pinnate nearly or quite to apex. 47 

Dorsal processes reduced to mere buttons. 48 


Lateral processes relatively small, the branches of adjacent 

processes not in contact. F. manicata (Meigen). 

Lateral processes well developed, the branches of adjacent ones 
in contact or nearly so . 


. F. incisurata (Zetterstedt). 

Dorsal processes small, but well developed and spinulose. 

. F. scalaris (Fabricius). 

Larvae more or less cylindrical; with at most short, unbranched 

tubercles on sides and dorsum of the segments. 52 

Larvae slightly flattened, usually dirty white in color and less 
than four mm. in length; posterior spiracles on brown, scle- 

rotized tubercles, each with a single narrow opening. 

.Family phoridae, genus Megaselia . 53 

Paired processes on body segments definitely hairy . 

. M. rufipes (Meigen). 

Paired, fleshy processes on body segments not hairy. 

. M. scalaris (Loew). 

Larvae more nearly cylindrical; posterior spiracles in a cleft on 
posterior surface of anal segment; each spiracle a flat plate per¬ 


forated by three slits.Family 

calliphoridae (in part), genus Chrysomya (in part) . 56 

New World species (limited to Nearctic) . 57 

Ring of posterior spiracle incomplete and not enclosing button, 
which may be poorly defined . 58 


Posterior margin of segment eleven with dorsal spines; posterior 

spiracle with a definite button. Phortnia regina (Meigen). 

Posterior margin of segment eleven without dorsal spines; pos¬ 
terior spiracle without a definite button . 60 

Tracheal trunks leading from posterior spiracles darkly pig¬ 
mented . 


. Callitroga americana (Cushing and Patton). 

Tracheal trunks leading from posterior spiracles not pigmented 
. Callitroga macellaria (Fabricius). 





























MYIASIS 


33 1 


62. 

63- 

64. 

65. 

66 . 

67. 

68 . 

69. 

7°. 

7 1 - 

7 2 - 

73- 

74- 

75- 
76. 

77- 

78. 

79- 


(57) Ring of posterior spiracle complete, though sometimes less dis¬ 
tinct in the area of the button. 63 

(66) Accessory oral sclerite present. 64 

(65) Toothlike, apical portion of labial sclerite longer than greatest 

width of basal portion . Genus Calliphora; 

example: C vicina Robineau-Desvoidy. 

(64) Toothlike, apical portion of labial sclerite equal in length to 

greatest width of basal portion .Genus Cynomyopsis; 

example: C. cadaverina (Robineau-Desvoidy). 

(63) Accessory oral sclerite absent . 67 

(68) A prominent pigmented area below the posterior extremity of 

the ventral horn of the pharynx. Genus 

Phoenicia; example: P. sericata (Meigen). 

(67) No pigmented area below the posterior extremity of the ven¬ 


tral horn of the pharynx . 

.Genus Lucilia; example: L. illustris (Meigen). 

(56) Old World species (limited to Ethiopian) . 70 

(75) Maggotlike larvae . 71 

(72) Ring of posterior spiracles incomplete, the button outside the 

sclerotized area.Genus Chrysomya. 

(71) Ring of posterior spiracles complete and enclosing the but¬ 
ton . 73 

(74) Accessory oral sclerite present. 

. Genus Calliphora. 

(73) Accessory oral sclerite absent. 

. Genus Phoenicia. 

(70) Grublike larvae . 76 


(77) Cuticle with few or no spines; anterior spiracles flush with sur¬ 
face; posterior spiracles widely separated; slits straight and 

short . 

.Genus Auchmeromyia; example: A. luteola (Fabricus). 

(76) Cuticle with obvious spines; anterior spiracles appearing as 
fingerlike processes borne on stalks; posterior spiracles approxi¬ 
mated; slits more or less sinuous. 78 

(79) Spines of cuticle large, not in transverse rows; posterior spiracle 
large, with three long serpentine slits, sometimes fragmented 
.Genus Stasisia; example: S. rodhaini (Gedoelst). 

(78) Spines of cuticle small, with a tendency toward grouping in 
transverse rows; posterior spiracle smaller, with three short, 
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8°. (43) 
81. (82) 


82. (81) 

83. (84) 

84. (83) 

85. (88) 

86. (87) 

87. (86) 

88. (85) 

89. (90) 

90. (89) 

91. (94) 

92- (93) 

93- ( 92 ) 

94. (91) 

95. (98) 


sinuous slits . 

Genus Cordylobia; example: C. anthropophaga Griinberg. 

Body without such processes, or at most with prolegs. 81 

Posterior spiracles at the end of a long, retractile respiratory 

tube, which may exceed in length the body proper. 

. Family syrphidae (in part), genus Tubi- 

jera (Eristalis) ; examples: T. arbustorum (Linnaeus), T. dimi- 
diata (Wiedemann), T. tenax (Linnaeus). 

Posterior spiracles at most on a short respiratory process much 

shorter than the body length . 83 

Robust larvae, broad behind and tapering before; posterior 
spiracles small, closely adjacent and located at extremity of a 

short respiratory tube.Family syrphidae (in part), genus 

Syrphus. 

Body not as above; posterior spiracles on separate tubercles or at 

the end of a forked process. 85 

Very slender larvae; posterior spiracles borne at apices of short 

cones ,. 86 

Anal segment with a pair of tapered, ventrolateral processes 

which point slightly upward; skipping forms.Family 

Piophilidae, genus Piophila; example: P. casei (Linnaeus). 
Ventrolateral processes of anal segment not as above; not skip¬ 
ping forms.Family sepsidae, genus Sepsis. 

Moderately stout larvae; posterior spiracles at the end of 

branches of a forked process. 89 

No prolegs on either thoracic or abdominal segments. 

Family drosophiudae, genus Drosophila; example: D. junebris 
(Fabricius). 

Prolegs on last two thoracic and first six abdominal segments 

. Family 

ephydridae, genus T eichomyza; example: T. fusca Macquart. 

Slits of posterior spiracles straight or arcuate. 92 

Slits nearly straight. 

.Genus Hydrotaea; example: H. meteorica (Linnaeus). 

Slits distinctly arcuate . 

.Genus Muscina; example: M. stabulans (Fallen). 

Slits of posterior spiracles strongly sinuous. 95 

Slits each with two loops; posterior end of larva with setulose 
tubercles on ventral side. 96 























MYIASIS 


333 


96. (97) Posterior face of larva almost as broad as high; setulose tubercles 

not particularly prominent; spiracular slits surrounding the but¬ 
ton .Genus Stomoxys; example: S. calcitrans (Linnaeus). 

97. (96) Posterior face of larva nowhere near as broad as high; setulose 

tubercles always prominent; spiracular slits not surrounding 

the button . 

Genus Synthesiomyia; example: S. nudiseta (Van der Wulp). 

98. (95) Slits each with three loops or more; posterior end smoothly 

rounded . 

.Genus Musca . 99 

99. (too) Posterior spiracles heavily sclerotized, with no peritreme (ring) 

. M. crassirostris Stein. 

100. (99) Posterior spiracles with a distinct ring or peritreme. 

. M. domestica Linnaeus and M. vicina Macquart. 

It will be noted from the Key to Mature Larvae (and from Table 16) that 
approximately twenty families are involved in the production of myiasis in 
man. Although the housefly and its immediate relatives appear only in rela¬ 
tion to certain types of infestation, it is significant that muscoid families, in 
the broad sense of the term, practically dominate the picture. The very large 
number of Sarcophagidae, Calliphoridae, and Muscidae, for example, stand 
in strong contrast to the occasional representatives of the Tipulidae, Psy- 
chodidae, Sylvicolidae, Stratiomyidae, and other nonmuscoid groups. 

The discussion that follows is divided into two parts. The first deals with 
parasitic activities of larvae of the genus Musca; the second, with conditions 
in which species of other genera are chiefly concerned. 

SPECIAL RELATIONS OF THE GENUS MUSCA TO THE 
OCCURRENCE OF MYIASIS IN MAN 

Musca crassirostris Stein, the adult of which possesses rasping labella and 
sucks blood, rarely parasitizes man in the larval state. Several cases of intes¬ 
tinal myiasis, however, are on record from India, probably connected, as sug¬ 
gested by Patton, with the religious rite of eating the five products of the 
cow, including a small quantity of fresh manure. An equally interesting ex¬ 
planation is suggested by Onorato (1922) for the occurrence of M. crassiros¬ 
tris in the alimentary tract of an indigent patient in Tripolitania. Onorato 
(who refers to this species as Musca [ Philaematomyia ] insignis Austen) men¬ 
tions that poor folk in that country frequently search through deposits of 











Figure 104 . Posterior spiracles of third stage larvae. Myiasis-producing forms may 
be distinguished by the structural peculiarities of the ring, button, and slits. Distance 
between the two spiracles is also used. 1 : Calliphora vomitoria. 2 : Phormia regina. 3 : 
Lucilia sericata. 4 : Musca domestica. 5 : Stomoxys calcitrans. Drawn to scale. (Matheson, 
Medical Entomology; Comstock Publishing Co.) 
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horse dung for undigested grains of barley. It is easy to understand how 
soiled hands may have transferred eggs or larvae to the patient’s food. 

Musca sorbens Wiedemann, though a very common housefly in many tropi¬ 
cal and near-tropical areas, is not known to be involved in human myiasis of 
any type. 

Musca domestica Linnaeus, on the other hand, and its doubtfully separable 
variety M. vicina MaCquart, appear rather frequently in published records, 
as might be expected from the nearly world-wide distribution of the species. 
Both intestinal and gastric infestations have been repeatedly observed, as have 
cases of urinary, traumatic, and cuticular myiasis. Nasal, aural, and ocular 
infestations are on record also. In general, a diseased condition of the tissue 
seems lo be prerequisite for any attack not of an enteric nature, where M. do¬ 
mestica is concerned. A few modern records follow. 

Frison (1925) reported on a case in Illinois in which larvae, less than half 
grown, were vomited by a boy recovering from pneumonia. Others were 
passed in the feces on the same day. The sickroom was not screened against 
flies, and it is probable that the eggs were deposited directly on the patient’s 
mouth. 

Kelevin and Ruibina (1940) record the recovery of eight living larvae of 
Musca domestica from the infected ear of a young boy. Flies had undoubtedly 
been attracted by a purulent discharge. 

Urethral myiasis in Rumania due to Musca domestica is described by Leon 
(1921). The patient was a young man who had slept without pajamas because 
of extreme heat. He was recovering from a blennorrhea, and still had a slight 
discharge. Oviposition probably took place in the early morning. The body 
heat in the folds of the prepuce presumably stimulated hatching within a few 
hours. Eight larvae were discharged by the patient, along with seminal fluid, 
in the presence of Mr. Leon. Mumford (1926)' records two cases of ure¬ 
thral myiasis in northern England, due to Musca domestica and Fannia canicu- 
laris. 

Natvig (1932) found Musca domestica larvae in stools of a patient suffer¬ 
ing intestinal symptoms. Rao (i”929) reared several larvae from nasal lesions 
in lepers. In one of two cases the species proved to be M. domestica. The same 
author found housefly larvae associated with Sarcophaga in wounds. A rather 
interesting case is that of Rennie (1927), who found larvae of M. domestica 
in the feces of a breast-fed infant in northern Scotland. He concluded that 
oviposition on or near the anus was more probable than on the lips or nostrils. 
Yatsenko and associates discuss the case of a boy six years old who voided 
larvae of M. domestica in his urine on two occasions, a number of months 



Figure / 05 . Posterior spiracles of third-stage larvae. These drawings are made on 
the same scale as those in Figure 104 . 1 : Sarcophaga bullata. 2 : Callitroga maccllaria. 3 : 
Wohljahrtia vigil. 4 : Muscina stabulans. (Matheson, Medical Entomology; Comstock 
Publishing Co.) 




MYIASIS 


337 


apart. Several of the larvae were seen protruding from the urethra. It was 
assumed that the eggs were laid on a dirty sheet in the child’s bed. 

Cutaneous myiasis in man due to Musca domestica is recorded by Patton and 
Cookson (1925). A rather complete account of this case has been given in 
Chapter VII. 

An indirect relation between M. domestica and specific, dermal myiasis ex¬ 
ists in the fact that houseflies, with various other species of insects, may serve 
as transport hosts for the eggs of Dermatobia hominis, well-known neo¬ 
tropical human botfly. The heat of the .human body is apparently sufficient to 
cause hatching of the eggs as the housefly crawls upon the skin. The relation¬ 
ship is recorded by Neiva and Gomes (1917) and discussed by De Almeida 
(1933). Dunn (1930), in experiments performed upon himself, observed that 
larvae of D. hominis sometimes require as long as an hour and a half to burrow 
into the integument. 


SELECTED EXAMPLES OF MYIASIS PRODUCED BY 
MUSCOIDEAN SPECIES NOT OF THE GENUS 
MUSCA 

Anduze (1945) discusses human myiasis in Venezuela. Dermatobia hominis 
is common in that country. He also records accidental infestation by Cutere- 
bra, nasal myiasis due to infestation with Calliphora, and gastrointestinal 
myiasis due to Sarcophaga. 

Beachley and Bishop (1942) reported a case of nasal myiasis in Arlington 
County, Virginia, due to infestation with Cuterebra. A first-instar maggot was 
removed from the patient’s nose. Another record pertaining to the same genus 
was published by Bequaert (1945), this time a dermal infestation of the furun¬ 
cular type. The specimen, which proved to be a third-instar larva of Cuterebra 
buccata, was embedded in the skin of the chest, close to the nipple. The patient, 
a mature man, lived in very poor circumstances. 

Pavlovsky and Stein (1924) record Gasterophilus, enteric parasite of horses, 
as a cutaneous parasite of man. A similar condition is reported by Stewart 
(1929) as due to the larva of Phormia regina Meigen. 

The genus Wohlfahrtia is of considerable importance. Wohlfahrtia mag - 
nifica, which is found both in Europe and in Asia, is a serious cause of 
traumatic and nasal myiasis. Its biology has been thoroughly discussed by 
Portchinsky (1916). A number of cases of magnifica infection have resulted 
fatally. In North America, Wohlfahrtia vigil and, more rarely, W. opaca have 
been incriminated as causing a furuncular type of cutaneous myiasis, espe- 
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dally in children. A number o£ papers by Walker (1920, 1922, 1937) deal 
with W. vigil, which is also discussed by Kingscotte (1935) and by Silver- 
thorne and Brown (1934)- The latter authors describe three cases o£ myiasis 
in healthy infants who slept out of doors during the month o£ June in Mon¬ 
treal. Norma Ford (1932, 1936) gives a good account of the ovipositional 
activities of W. vigil. She describes how a female, under her observation, 
poured out a stream of white larvae on the head of a guinea pig, near the 
eye. In a few seconds, the actively moving maggots had disappeared among 
the hairs. In the case of infants, the larvae are usually deposited upon the 
cheek. They may migrate a considerable distance before penetrating the 
skin. It apparently is not necessary for the child to be in an unclean condi¬ 
tion to be attractive to the flies. 

Gerston and his associates (1933) reported on two cases of Wohljahrtia in¬ 
festation in North Dakota. In one, the larva was found in the base of the 
penis o£ an infant of four months. The second case involved the upper eyelid 
of a child eight months of age. 

All members of the genus, however, do not seem to be as pathogenic as 
W. vigil or W. magnified. Grantham-Hill (1933) found Wohljahrtia nuha 
actually beneficial in the treatment of infected wounds, and considered it 
quite as satisfactory as Lucilia for maggot therapy. 

Mention of cutaneous myiasis would be incomplete without reference to 
the tumbu fly, Cordylobia anthropophaga Griinberg. The female lays her 
five hundred or more eggs on soiled bedding, clothing, or soil fouled with 
human or animal discharges. The larvae hatch in about forty-eight hours and 
penetrate the skin of any available person or small animal. According to 
Cuthbertson (1942), infants and young children are more commonly af¬ 
fected than mature hosts. The parasites cause boillike tumors, within which 
all three larval stages are passed. Larval development is completed in eight or 
nine days, after which the larvae seek the ground for pupation. Dogs, guinea 
pigs, and rats are commonly infested. Rats are perhaps the normal hosts and 
undoubtedly serve as the principal reservoir in nature. 

Patton (1935) divided the producers of specific myiasis into two groups 
according to whether or not the flies oviposit in close proximity to the tissues 
to be invaded. The African genus Cordylobia and the new-world genus 
Dermatobia fall into the same classification in this respect, since neither re¬ 
quires the presence o£ the host. Dermatobia, however, is unique in making 
use of a mosquito, fly, or other transport host to which the eggs are glued. 

Most serious of all species from a pathogenic viewpoint is Callitroga 
(Chrysomyd) americana (Cushing and Patton). This “primary screwworm” 
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invades any wound, however trivial, and proceeds to the rapid destruction 
of healthy tissue. Great economic loss may result from infestation of freshly 
dehorned or castrated animals, or of those which have had the skin broken 
in some other way. Invasion of the human eye, ear, nasal passage, or sinuses 
is likely to result fatally if left untreated. The patient suffers excruciating pain. 
Frequently associated with this species is Callitroga macellaria (Fabricius), 
but this is normally a secondary invader, attracted by the odors and discharges 
resulting from the presence of C. americana or some other primary parasite. 
Large numbers of C. macellaria may, however, greatly complicate the pa¬ 
thology and so become a factor in bringing about the death of the host. 


Figure 106. Patient suffering from 
infection with Callitroga americana 
C. & P. Over 230 larvae were re¬ 
moved from the nasal passages. 
(Prom Manual 0/ Tropical Medi¬ 
cine, by Mackie, Hunter, and Worth 
[L. S. West, collaborator]; courtesy 
of W. B. Saunders Company.) 


Pine tar oil has been found effective as a repellent against blowflies of ani¬ 
mals and has also been used successfully to induce spontaneous emergence 
of screwworm larvae from the nasal passages in man (McGovran and Eilisor, 
1936; McGovran, 1938). 

The old-world screwworm fly, Chrysomya bezziana Villeneuve, is almost 
as serious a pathogen as Callitroga americana. Man suffers most from its at¬ 
tacks in India, while cattle seem more subject to infestation in Africa. Patton 
(1920a, i922d) describes a total of fifty-nine cases in man and seventy-one in 
animals. Infestation of the nasal passages and related parts is particularly 
dangerous, and loss of sight or hearing is not uncommon, if the infection 
does not prove fatal. 

An interesting case of myiasis due to C. bezziana is recorded by Strickland 
and Roy (1941), in which a larva was found within the dura mater of the 
spinal cord. 
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Ocular myiasis in man is almost always due either to Oestrus ovis L., com¬ 
mon head hot of sheep, or Rhinoestrus purpureus Brauer, which normally 
develops in the nasal passages of horses. Gomez (1946) states that infestation 
by the former is much commoner in Spain, where only one of eighteen cases 
recorded since 1918 is known definitely to have been caused by Rhinoestrus. 
Gomez describes two varieties of O. ovis, var. granatae, from Granada, and 
var. corsicae, from the island of Corsica. They are distinguished by the form 
of the spiracles. 

Oestrus ovis as a cause of human myiasis in France is recorded by Larrousse 
(1921) and Galliard (1934). Manine (1941) and Pedoya (1941) have pub¬ 
lished similar records from North Africa. Rhinoestrus purpureus, as a cause 
of human ocular myiasis, is discussed by Portchinsky (1915). 

An example of ophthalmomyiasis caused by a species other than these is 
recorded by Najera Angulo (1942). He describes the case of a ten-year-old 
boy who developed marked edema after being “stung” in the eye, and from 
whom were removed three larvae of W ohljahrtia magnified forty-eight hours 
later. Another record, likewise from Spain, reports approximately 140 W. mag¬ 
nified larvae from a human eye! 

Such records, however, are not common. James (1944) points out that the 
supposed occurrence of Wolhjahrtia vigil in a cyst in the human eye, as re¬ 
ported by Felt, is in error. Subsequent publication of a photograph makes 
clear that Oestrus ovis was the species involved. 

ENTERIC MYIASIS 

A case of gastrointestinal myiasis extending over a period of several years 
is recorded by Vartiainen (1946). At the age of forty-four, the patient, a 
farmer’s wife, began to notice symptoms of mild abdominal distress. This 
continued for some six years, after which the pain became more severe, with 
occasional attacks of colic. During the next four years, the patient observed 
numerous larvae in the feces, especially during the summer months. The few 
that were identified proved to be of the genus Calliphora. It would appear that 
some peculiarity in personal habits must have favored the reinfection of this 
woman, year after year. 

Intestinal myiasis has also been traced to Lucilia. Webster (1945) describes 
a patient who suffered from intermittent diarrhea for six or seven months. 
Third-instar larvae were eventually passed in the stools. The host proved also 
to be harboring Ascaris lumbricoiiles. 

Probably 75 per cent of all gastrointestinal myiasis in man is caused by 
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either Fannia scalaris (Fabricius) or F. canicularis (Linnaeus). The peculiar, 
flattened larvae with their characteristic dorsal and lateral processes are not 
easily mistaken. Hewitt (1912b,d) has summarized the biology and patho¬ 
genesis of these forms, which may also infest the urinary tract. There are many 
subsequent records. Fannia scalaris is generally known as the “latrine fly”; 
F. canicularis, as the “lesser housefly.” 

The whole question of gastrointestinal myiasis has been much discussed 
and several responsible investigators have challenged the authenticity of pub¬ 
lished records. 

Komarek (1936) found that the larvae of Calliphora vomitoria, Sarcophaga 
carnaria, Musca doniestica, and Piophila casei cannot survive long in the ab¬ 
sence of atmospheric oxygen and that they are quickly killed by the digestive 
juices of cats. Causey (1938) performed similar experiments, using both cats 
and dogs, and observed that all larvae were either killed or immobilized in the 
stomach within three hours. Upon subsequent passage into the intestine, they 
were digested. Earlier works by Desoil (1924) showed that though ova 
of Calliphora vomitoria could resist the effects of gastric juice “in vitro” for 
a period equal to that required for normal digestion, other factors made sur¬ 
vival “in vivo” doubtful or impossible. He concluded that for this species, at 
least, intestinal myiasis may not be produced by swallowing of the eggs. 

Kenney (1945) fed living maggots of Calliphora, Sarcophaga, and Musca 
domestica to sixty human volunteers. All but ten suffered gastrointestinal 
symptoms, such as nausea, vomiting, cramps, or diarrhea. Within forty- 
eight hours, however, all larvae had been eliminated, either by way of the 
vomitus or in the stools. Only a very few larvae were still alive. This put an 
end to all symptoms and led Kenney to conclude that a true myiasis had not 
existed. Strickland and Roy (1940) failed to infect rabbits with first-stage 
larvae of Musca domestica fed in milk. 

In spite of these demonstrations, there seems no doubt that genuine enteric 
myiasis does occur from time to time, when chemical and physical condi¬ 
tions within the patient’s alimentary tract are such as to favor survival of the 
parasites. That many individuals are habitual “air swallowers” is well known. 
In such cases, the larvae should have little difficulty in obtaining at least a 
minimum supply of oxygen. Again, human beings vary greatly in the amount 
and concentration of hydrochloric acid produced in the stomach. Carnivores 
especially are usually characterized by a heavier secretion of hydrochloric acid 
than man, a fact which tends to make the cat (or dog) somewhat unsuitable as 
a test animal where borderline conditions may be involved. Riley (1939) has 
made a judicious analysis of the arguments on both sides, and concludes that 
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intestinal myiasis, though of relatively rare occurrence, is an established clinical 
condition, a conclusion substantiated by the repeated observations of reputable 
physicians and entomologists. 

THERAPEUTIC MYIASIS 

In the period following World War I, the use of maggots in the treatment 
of certain traumatic conditions and infections became very popular among 
clinicians, particularly those groups whose duties involved the handling of 
chronic osteomyelitis. 

Livingston and Prince (1932) point out that as early as the sixteenth cen¬ 
tury, Pare had noted the very satisfactory healing of infected wounds in 
which larvae of blowflies had become established. Larrey, surgeon to Na¬ 
poleon, made similar observations during the Syrian campaign. World War I, 
with its emphasis on trench warfare, furnished many excellent examples, as 
a result of wounded soldiers’ being stranded in no man’s land for sometimes 
as many as seven days without hospital attention. Those whose wounds had 
become flyblown were almost always in better condition than the others. Fever 
was less common and healthy granulation tissue had taken the place of pus 
and other debris. 

Baer, in two papers (1929, 1931), advocated the use of maggot therapy in 
cases of osteomyelitis and reported on various cases so treated. His interpreta¬ 
tion of the reasons for success may be summarized as follows: 

(1) The maggots clear away tissue sloughs and minute fragments of bone 
by digestive action. 

(2) Wounds infested with maggots tend to become alkaline, and thus in¬ 
hospitable to many pathogenic bacteria of acidophilic nature. 

(3) Certain biochemical effects are produced which greatly stimulate the 
healing process. 

Since the death of Baer, the third point has been more extensively investi¬ 
gated, and has proved to be by far the most important. 

Stewart (1934) added the following observations and suggestions: 

(1) Bacteria ingested with necrotic tissue are practically all killed by the 
acids in the mid-gut of the larva. 

(2) Alkalinization is accomplished chiefly by the excretion of ammonia and 
calcium carbonate. 

(3) The exuded calcium carbonate stimulates phagocytosis. 

(4) Bacterial exotoxins are presumably rendered inert by the acids of the 
larva’s mid-gut. 
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(5) The formation of granulation tissue may be due to stimulation by ex¬ 
uded calcium ions. 

Robinson, in a series of papers (1935,1937,1940a,b), has thrown much added 
light on the nature of larval secretions. Both allantoin and urea are produced 
by the maggots, the urea probably resulting from a splitting off of one of the 
side chains of allantoin, through hydrolysis. Both these substances have 
marked healing properties, a principle discovered by Macalister in 1912 but 
apparently forgotten until the use of maggot therapy called attention to the 
biochemistry involved. Robinson also pointed out the tissue-stimulating quali¬ 
ties of ammonium bicarbonate, another product of maggot metabolism. Its 
occurrence is associated with the enzyme urease in the tissues of the larvae. 
A sterile solution of the bicarbonate in concentration of 1 or 2 per cent, applied 
with gauze packs, shows healing properties comparable to those of allantoin. 

Earlier .studies by Robinson and Norwood (1933, 1934) had particularly 
emphasized the destruction of pathogenic bacteria in the alimentary canal of 
the living larvae. Bactericidal substances are also undoubtedly given off in 
the natural exxretions of the maggots. In this relation, Simmons (1935a,b) 
has demonstrated the presence in such excretions of a thermostable substance 
capable of destroying Closterium wclchii, Staphylococcus aureus, and a num¬ 
ber of hemolytic streptococci. 

The selection of suitable species for use in maggot therapy requires knowl¬ 
edge of the feeding habits of the larvae. Lucilia sericata , 1 Lucilia caesar, Phor- 
mia regina, and Wolhjahrtia nuba have been preferred, as these species tend 
to confine their activities to necrotic tissue and thus are unlikely, of themselves, 
to bring about a myiasis of pathological type. Forms such as Callitroga ameri- 
cana, Chrysomya bezziana, or Wohljahrtia magnifca are, of course, entirely 
unsuitable. The use of Musca domestica for this purpose seems to have been 
confined largely to European countries. Paramonov, in two papers (1934a,b), 
discusses maggot therapy in the treatment of gangrene, osteomyelitis, and 
similar conditions, and reports specifically on the experiments of Dr. W. M. 
Schkalaberd, of Kiev, with housefly larvae. Twenty to thirty larvae of Musca 
domestica were placed in wounds of three cases where gas gangrene had be¬ 
come established and amputation seemed the only possible procedure. After 
forty-eight hours, healing was proceeding so satisfactorily that any thought 
of amputating was abandoned. Musca domestica would certainly be safer 
than Calliphora, for example, as it is less likely to invade healthy tissue. 

1 Not all strains of L. sericata are equally benign. In China it produces a serious myiasis. 
It is also recorded as dangerous in Africa and in Europe. The older larvae, especially, tend 
to bore deeply in healthy tissue. 



THE HOUSEFLY 


344 

■ In recent years, the use of maggots has been rather generally abandoned in 
favor of direct treatment with allantoin, urea, and ammonium carbonate. Not 
only is this more satisfactory from the viewpoint of avoiding injury by the 
larvae; it also insures against introducing dangerous infection from other 
sources. In the early days of maggot therapy, cases of tetanus were sometimes 
traced to contaminated larvae. The development of special techniques for the 
sterile rearing of maggots for surgical use soon solved this problem, but the 
rather tedious task of maintaining sterile colonies still remained. Today mag¬ 
got therapy may be considered of historical rather than current importance. 
A concise summary of the subject may be found in Steinhaus’ excellent vol¬ 
ume, Insect Microbiology (1946). 

This chapter may appropriately be terminated with a somewhat quaint 
observation by B. D. Walsh (1870), who recognized the significance of larvae 
in human stools and ventured a bit of apt advice for those who cared to heed it: 

Moral—Avoid eating decayed fruit . . . and from fruit which is only partially 
decayed pare away carefully the unsound parts before you introduce the sounder 
portions into your stomach. Every entomologist knows what a pleasing pursuit it is 
to breed insects through all their stages in appropriate vessels; but to breed them 
in one’s own body is rather too much of a good thing. 



CHAPTER XIV 


Are Flies Beneficial? 


Achilles: But I have previous fear lest, meantime, on the gashed mounds of Men- 
oitios’ valiant son [Patro/{los], flies light and breed maggots therein and defile his 
corpse—for the life is slain out of him—-and so all his flesh shall rot. — Homer, Iliad 

ACHILLES’ familiarity with nature’s instruments for the destruction of 
-Zjl- animal bodies reminds us that without these agencies the world might 
well be a very different place from what it is. Without them the continuous 
and rapid overturn of both organic and inorganic food materials, which seems 
so commonplace today, might become extremely difficult, if not impossible. 
Along with saprophytic bacteria, various fungi, and certain protozoans, in¬ 
sects and their larvae reduce prodigious amounts of plant and animal debris 
to simple form. This material thus becomes available, again for utilization in 
the basic nutrition of photosynthetic plants. It is difficult to imagine a world 
piled high with the dead bodies of overage trees, whales, and dinosaurs, yet 
such indeed might be the picture, had not lesser forms of life survived to 
perform this significant function. 

Thus we are challenged, even as we gird ourselves for the possible extermi¬ 
nation of these enemies of humankind, by the realization that all forms of life 
are interdependent, that nothing is wholly good or wholly evil from the stand¬ 
point of nature’s economy, and that it is only our own anthropocentric ap¬ 
proach which determines whether a species shall be considered useful, useless, 
or detrimental. In all fairness to biological principle, we cannot justifiably 
condemn the fly as unfit to live in modern society without first hearing the 
argument for the defense, slender as that argument may be. 

In five respects, at least, muscoid Diptera are capable of benefiting man. 
The first, already referred to, consists of the ability of the larvae to assist in 
the reduction of plant and animal remains. The second pertains to the use of 
larvae to stimulate the healing of infected wounds. A third benefit results 
from the activity of dipterous larvae as parasites within the bodies of noxious 
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insect hosts. A fourth and obvious benefit derives from the immense numbers 
of flies, larvae, and pupae which feed and nourish other forms of animal life 
valued by man. Of lesser consequence, but not to be overlooked, is the flower- 
visiting habit which many adult Diptera practice, thus assisting in pollina¬ 
tion and subsequent reproduction of green plants. In addition, there are cer¬ 
tain less tangible benefits which, for want of a better term, may be called 
aesthetic and which are no less real because of their less mundane qualities. 
We shall consider each of the foregoing possibilities in turn. 

FLIES AS SCAVENGERS 

Sibthorpe (1896) voiced an opinion not uncommon in his day, namely, that 
flies perform a very important function as scavengers and that their activities 
therefore actually contribute to the abatement of cholera in a community! 
While the latter concept seems diametrically opposed to the truth, the first 
portion of the statement deserves some analysis. 

The essential distinction here is between the activities of the larvae and the 
behavior of the adult fly. The latter, by her restless migrations, is an unpar¬ 
donable offender against the laws of sanitary science. The larva, however, 
remaining as it does in close proximity to the place of its origin, spreads little 
or no infection (except as certain organisms may occasionally remain in larval 
tissues, survive pupation, and so be available for distribution in the excretions 
of the winged insect). 

The rapidity with which larvae, when present in numbers, can reduce 
animal bodies to skeletons is striking. Conditions must, of course, be favorable. 
Warm summer temperatures are most ideal, for obvious reasons. First, 
bacterial decomposition gets under way more promptly if temperatures are 
rather high, thus contributing to the odors which emanate from carcasses and 
excite the olfactory structures of female flies ready for oviposition. Well 
known among the odoriferous substances produced by putrefaction is cadav- 
erine, a nitrogenous base with the chemical name pentamethylenediamine 
and the formula NH 2 CH 2 (CH2) a CH 2 NH2. To human beings, its odor is 
most repellent! Among the organisms capable of producing cadaverine is the 
Finkler-Prior bacillus (Vibrio protcus), also Vibrio comma. Other substances 
attractive to ovipositing flies are ammonia, urea, and carbon dioxide, all more 
or less universally present when animal bodies decompose. The same higher 
temperatures which favor the production of odoriferous substances likewise 
favor activity on the part of the flies, which roam farther and change position 
more frequently on warmer days. It is also well known that the larvae, once 
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established, feed more ravenously and complete their development more 
quickly at temperatures in the upper bracket of the tolerated range. 

Another factor, closely related to the above, is sunshine. It is the author's 
personal observation that houseflies and blowflies seem to End exposed car¬ 
casses more readily on sunny days than in dull, cloudy weather, if temperature 
conditions remain the same. In this relation, it should be borne in mind that 
when a storm is brewing, the behavior of flies sometimes becomes most er¬ 
ratic (see Chapter IX). This diversion from normal activity may well account 
for the flies’ seeming to overlook opportunities for oviposition when atmos¬ 
pheric pressures are suddenly disturbed. 

A third and very important limiting factor is the intensity of the wind. 
With no wind at all, the attractive odors spread only by diffusion, or perhaps 
slightly by convection, as decomposition causes the carcass to develop a 
temperature higher than that of the surrounding air. In either case only flies 
in the immediate vicinity are quickly attracted to the scene. At the opposite 
extreme, a strong wind or gale is likewise deterrent to ready visitation by flies, 
for two reasons: From the windward side no flies are attracted at all, as the 
strong wind sweeps all odors in the opposite direction. On the leeward side, 
though the odors are carried great distances, the insects are unable to make 
headway against the wind, and must await its subsidence before they are able 
to locate the source. Ideal for the encouragement of oviposition are light, 
variable winds, the gentler the better, in most instances. Undiluted odors drift 
long distances on such air currents, yet the females have no difficulty in flying 
upwind 'to locate a suitable place to lay their eggs. Also, if there are frequent 
changes of direction, a much wider area will receive the stimulus than when 
air movement continues in the same direction throughout the day. 

It is not certain whether relative humidity is a strong factor either in the 
dissemination of odors or in the responses of the fly to olfactory stimulation. 
To the human subject, at least, odors usually seem more pronounced in 
moisture-laden air. 

The activity of the larvae in the carcass is less apparent at first, more obvious 
as days go by. The capacity of the second-stage larvae to devour food is many 
times that of the first, and the third stage is truly remarkable for its voracious¬ 
ness. The catholicity of taste of housefly maggots enables them to utilize 
practically any portion of a carcass, regardless of the state of decomposition. 
Hourly arrival of new ovipositing females, plus the return of first-brood adults 
to oviposit in the same environment, causes the process to pyramid in the 
second and third weeks, until perhaps the entire carcass (or cadaver) appears 
to be made up of nothing but a crawling mass of eager, writhing maggots, 
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seeking the last available residue by which life may be sustained. And so the 
process terminates, the final, half-starved brood either transforming at sub¬ 
standard size or failing to pupate altogether. Under wilderness conditions the 
mechanism is most adequate. Where human beings live as neighbors, how¬ 
ever, it will not serve. Too much time is required, during which offensive 
odors prevail, flies transfer bacteria from the decomposing animal to human 
habitations, and, what is far worse, thousands of flies are produced which 
range afar and menace human health in a hundred other ways. Under civilized 
conditions, then, the beneficial effects of flies, acting as scavengers, appear to 
be entirely nullified by the dangers and inconveniences involved. Consign¬ 
ment to the glue factory for larger animals and incineration for the smaller, 
or deep burial for all, should be standard practice in rural areas in a modern 
age. 


LARVAE AS AGENTS IN THE HEALING OF WOUNDS 

This phase has been treated more or less fully in Chapter XIII. Apparently 
very little real benefit results from mechanical cleansing of the wounds by the 
feeding activities of the larvae. Of much greater value are the products of 
larval metabolism, such as allantoin, urea, and ammonium carbonate. Of 
course, only those species which refrain from destroying healthy tissue are 
beneficial in this respect, or can be used in maggot therapy. 

LARVAE AS PARASITES OF NOXIOUS FORMS 

There is no record that Musca domestica or any other member of the genus 
acts as a parasite of insects or other arthropods. Within the muscoid series, 
however, occurs the large and widespread family known as the Tachinidae, 
now generally considered as including the Phasiidae and Dexiidae of various 
writers. So conceived, the Tachinidae are probably the most beneficial single 
family of insects known. These species spend the larval period as rather poorly 
adapted parasites within the bodies of Arthropoda. In almost all cases the host 
is eventually killed or at least rendered incapable of reproduction. The im¬ 
portance of such parasites as a factor in the natural control of economic pests 
is enormous. True, the honeybee and silkworm also have their tachinid para¬ 
sites, but such hosts are exceptional and the vast majority of these flies prey 
upon forms which man greatly desires to reduce or eliminate. As long ago as 
1908 Williston listed 400 species parasitic on Lepidoptera, 70 on Hymenoptera, 
40 on Coleoptera, 20 on Orthoptera, 5 on Hemiptera, and 5 on Diptera. Since 
then many additional records have been added. Earwigs and sow bugs are also 
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listed among tachinid hosts. Lepidoptera, Hymenoptera, and Diptera are 
usually attacked in their immature stages, while Orthoptera, Hemiptera, and 
Coleoptera are commonly parasitized as adults. 

The manner in which the adult fly deposits its egg (or larva) on or near the 
host differs with the species. Prell (1914) recognized six biological groups, 
based on reproductive habits. In Group 1, which includes perhaps 75 per cent 
of all Tachinidae, the large, whitish eggs are merely glued fast to the external 
surface of the host’s body. The larvae hatch and bore directly through the 
integument. There is evidence (West, 1923) that occasionally the host mani¬ 
fests an immunity and that the larvae, though successful in their invasion of 
the host, may nevertheless fail to develop. The second group, which includes 
such forms as Hyalomyia, possess sharp, pointed ovipositors by which the 
female is able to insert the egg more or less deeply within the tissues of the 
host. In Group 3, the flies deposit tiny “microtype” eggs on foliage of the plant 
species which the host caterpillar uses as food. Digestive juices of the host 
stimulate hatching of the egg before it can be swept out of the alimentary 
canal with the frass. This method is obviously wasteful of eggs unless the hosts 
are so abundant as to strip the foliage almost completely. Blepharipa scutel- 
lata is a parasite of such habits. 

The remaining groups differ from the first three in that all species are lar- 
viparous. In Group 4, of which Blepharipeza is an example, the living larva 
is deposited directly upon the integument of the host. The parasite penetrates 
the cuticle at once. Most members of the subfamily Dexiinae are believed to 
employ this method. Group 5 differs in that the females possess an intromit- 
tcnt ovipositor by which the larvae are inserted into host tissue. Compsilura, 
Lydella, and Vibrissina are representative genera. The last group, exemplified 
by Panzeria, deposits the living larva in the general vicinity of the host. The 
larva is often attached to a twig on which the caterpillar has left a silken thread 
and along which it will probably return. The little larvae become very excited 
as the host approaches, wave their heads about, and, if contact is established, 
attach themselves to the host insect by means of their mouth hooks. Penetration 
of the integument follows immediately. 

Pyraustomyia penitalis is perhaps unique in depositing “eggs” near the en¬ 
trance hole of its borer host (Pyrausta). After hatching, the first-stage maggot 
by its own activity seeks and invades the body of the host insect. 

Regardless of mode of entry, the first-stage larva usually lies free, either in 
the body cavity or in the foreintestine of the host. There it absorbs both 
oxygen and nourishment from tissue fluids and rarely attacks the host tissue. 
Second and third stages, however, require a greater air supply, which they 
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usually secure by making an opening in the host’s body wall by means of their 
mouth hooks. The host tissue, thus irritated, responds by invaginating in such 
a way as to form an “integumentary funnel.” The parasite lives from then on 
in this funnel of host tissue, with the posterior spiracles directed outward, 
whence comes its air supply. Sometimes the integumentary funnel extends 
from a tracheal trunk, rather than from the body wall. The parasite molts to 
the third stage in situ. When nearly full grown, the maggot actually becomes 
a predator and devours the vital organs of the host. If a number of larvae 
should find themselves competing for nourishment within a single host, it is 
usually only the largest and strongest which survives. Cannibalism is common. 

Pupation may take place either in the soil or within the dried skin of the 
host, depending on the particular species of fly. 

Most Tachinidae are able to parasitize a number of closely related host 
species of reasonably similar habits. They are thus able to maintain themselves 
by use of second- and third-choice hosts during periods in which the preferred 
host may be numerically scarce. 

FLIES AS FOOD FOR OTHER ORGANISMS 

One has only to observe a flock of chickens about a barnyard manure pile to 
realize that maggots go far in providing nourishment for scratching birds. In 
this connection, Feldman-Muhsam (1944a) has even suggested the intentional 
rearing of fly larvae for use as poultry food. He recommends wetting of the 
dung at the proper stage of development, so that the larvae will migrate from 
the interior and fall into a dish, or vessel, conveniently arranged. Very large 
numbers can be obtained by this method, which also lends itself to the feeding 
of insectivorous birds confined in zoological gardens, usually a vexing prob¬ 
lem for caretakers and veterinarians. The same technique may be employed 
to produce pupae needed for experimental purposes. 

A chemical analysis of the fly maggots shows that they contain very close to 
71.4 per cent water, 18.6 per cent protein, 5 per cent fat, and 5 per cent of other 
substances, chiefly carbohydrates and salts. The vitamin content of active mag¬ 
gots is somewhat interesting. They are rich in riboflavin, which is present to 
the extent of 3 milligrams per 100 grams of larval tissue. Carotins make a 
poorer showing, totaling only 0.4 milligrams per 100 grams of larva. No true 
vitamin A content has yet been found. 

The use of artificial manure, such as macerated leaves of dock, has been 
attempted at experimental stations as a lure for ovipositing flies. Pans of such 
material in which larvae are developing may be placed in various situations 
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where they will be found by growing pheasants, for example, a species which 
requires an abundance of protein food. The provision of a constant supply 
of maggots, regardless of weather conditions, is not always easy, and for this 
reason many regard the procedure as somewhat impractical. The principle, 
however, is sound, and should prove of future value in various phases of game 
management. 

The contribution which larvae and pupae make to the diet of walking and 
scratching birds, great as it is, is probably not to be compared with the ton¬ 
nage of adult insects consumed by birds in flight. How great a percentage 
of this consists of muscoid forms is difficult to say, but that common flies con¬ 
tribute their appropriate share need not be doubted. In this connection, day¬ 
flying insectivores, such as the flycatchers (Tyrannidae), of course stand to 
profit more abundantly than crepuscular or nocturnal species, such as night- 
hawks and whippoorwills, which feed at a time when muscoid Diptera are 
rarely or never on the wing. 

POLLINATION OF FLOWERS 

Musca domestica is rarely, if ever, a flower feeder. With a proboscis so poorly 
adapted for probing into nectaries, it is not to be wondered at that the housefly 
prefers the honeypot of the human table. Malodorous flowers do, indeed, at¬ 
tract flies, especially females seeking a spot for oviposition, but such visitations 
are too rare to be significant in normal pollination, which depends funda¬ 
mentally upon the insect’s entering a number of flowers of the same species 
in fairly rapid succession. 

As in the case of larval parasitism, however, other closely related groups of 
Muscoidea have habits which entitle them to mention as pollinating types. 
Tachinidae and Sarcophagidae are both of great importance here, and since 
a considerable number resemble the housefly very closely both as to size and 
coloration, it frequently happens that the casual observer considers them to 
be Musca domestica engaged in activities more worthy than their usual repu¬ 
tation implies. A few observations from the writer’s own experience are per¬ 
haps not out of order at this time. All Tachinidae, so far as known, feed in 
the adult stage on pollen, nectar, or both. The length and shape of the pro¬ 
boscis and the structure of the labella determine the type of flower likely to be 
visited. In the early spring the marsh marigold, Caltha palustris, furnishes good 
picking for certain species of Phasia. Later, and indeed all through the sum¬ 
mer, at least in New York State, the larger Umbelliferae, Pastinaca sativa, 
Daucus carota, and Angelica atropurpurea yield many specimens of Ernestia, 
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Tachina, and Peleteria. Indian hemp ( Apocynum ) seems to be a favorite with 
Cistogaster, Archytas, and Trichophora. Still later in the season, the common 
daisy, Chrysanthemum leucanthemum, is often visited by the fairly common 
tachnid Phasia occidentis. 

The presence of Tachinidae on blossoms is not necessarily an indication that 
the fly is seeking food. Thus Celatoria diabroticae, a parasite of cucumber 
beetles, may normally be taken from melon and cucumber vines, as may 
Trichopoda pennipes, which parasitizes the common squash bug, Anasa tristis. 
The writer has taken Exorista pyste from the flower head of Pastinaca, only 
to find a moment later that the net contained also a larva of the parsnip web- 
worm, Depressaria heracliana, covered with tachinid eggs of the macrotype 
sort, while to the extruded ovipositor of the fly adhered an egg of similar type. 
Obviously, these parasitic flies seek flowers in order to find their hosts, as well 
as to find sustenance. Any conveyance of pollen incidental to reproductive 
activities on the part of the flies must necessarily be added to whatever benefit 
the plant derives from intentional visitation of its flowers for nutritional pur¬ 
poses. 


PHILOSOPHY AND AESTHETICS 

No one will deny that the aesthetic enjoyment of flowers for their own sake 
is as important an experience in the total development of man as is the con¬ 
sumption of their seeds and fruits. From such a standpoint, it is not difficult 
to admit soul-satisfying experiences for which rhe'activities of insects are 
largely responsible. In the early pages of this volume I mentioned the sound 
of flies as sometimes contributory to an atmosphere of rural contentment. In 
more than a small way, our winged hexapods form part of the aesthetic back¬ 
ground against which man grows to maturity and out of which come both 
the prose and poetry of human experience. The baying of hounds in marsh¬ 
land, the voices of crows and gulls at noontime, the rustle of the wind in 
foliage, the murmur of moving water, and the mystery of echoes among 
mountains are not complete without the chirp of the cricket, the whir of the 
locust, the shrill din of the cicada, and the hum of common flies. 

Another contribution to beauty derives from the color and design of a num¬ 
ber of species whose metallic surfaces throw back reflections of green, blue, 
and purple in the sunlight and not only arrest the attention of those sensitive 
to artistic stimulation but likewise intrigue the student of biophysics, who, 
wrestling with his problems of diffraction, refraction, and absorption, sees in 
such creatures a possible avenue of approach to the better understanding of 
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what man calls light and the laws that govern its behavior. Notable for their 
metallic coloration are such forms as Lucilia, Phormia, and Calliphora. The 
same species may be said by their very life cycles to symbolize man’s highest 
aspirations and most sacred hopes. When one contrasts the darkness, sordid¬ 
ness, and unremitting toil which characterize the life of the sightless maggot 
with the freedom, beauty, unrestricted movement, and procreative power 
which the adult winged creature may enjoy, one finds an almost perfect 
symbol for the continuing nature of the universe. We are reminded of a well- 
known biblical quotation: 

“It is sown in corruption, it is raised in incorruption. . . . For this corrupti¬ 
ble must put on incorruption, and this mortal must put on immortality” (I 
Cor. 15:42,53). 

It will be noted, however, that the various economic and aesthetic benefits 
which have been credited to muscoid Diptera would be very little diminished 
if Musca domestica did not exist. Blowflies are at least as capable scavengers, 
and several genera are more suitable than Musca for maggot therapy. The 
housefly never makes a habit of parasitizing noxious forms, and its visits to 
flowers requiring insect pollination are exceedingly rare. Even the pleasant 
hum of flies in summer can be credited as properly to Stomoxys, Muscina, or 
species of Calliphoridae. Nor is the adult housefly a creature of striking beauty. 
In summary, then, it must be said that although the superfamily Muscoidea 
includes a considerable number of human benefactors, it also contains many 
black sheep. Among these, Musca domestica is certainly the blackest. 

Even so, the record is not all bad. There remains the unquestionably great 
value of the species as an experimental animal. In this field Musca domestica 
perhaps excels all other insects, and has surely succeeded in winning for itself 
a place in the sun. For example, bodies of dead houseflies have been used to 
furnish protein food for the rearing of mosquito larvae for experimental pur¬ 
poses. Again, the wings of a housefly are used in an instrument at the Mount 
Wilson Observatory which measures the heat radiated by the stars. The next 
chapter will describe at some length the techniques employed by investigators 
and manufacturers in utilizing the fly as a test animal for the standardization 
of insecticides. 

We are thus justified in closing our discussion on a sympathetic note. An 
answer has apparently been found to the query of an anonymous but oft- 
quoted poet, “Poor little flyl Ain’t you got anyone to love you?” 



CHAPTER XV 


The Fly as an 
Experimental Animal 


The fly sat upon the axle-tree oj the chariot-wheel, and said, “What a dust do l 
raise !"—Fables of Phaedrus, b\. in, jab. 6 

I N THE growth and development of modern science, a comparatively 
small number of plant and animal species have taken their places as 
particularly useful to the investigator. The best-known insect in genetic 
research is the tiny fruitfly, Drosophila melanogaster. Equally important in 
medical and economic entomology is Musca domestica, the test species by 
which the merits of modern contact insecticides are largely evaluated. 

Entomology as a distinct science and profession came into being chiefly 
because of the economic importance of those insects which destroy man’s food 
supply, threaten his health, jeopardize the well-being of his domestic animals, 
or prevent the survival of plant forms on which he depends for clothing, 
shelter, and medicine. 

To combat the insect menace, manufacturers have brought into existence an 
unbelievably great number of insecticides and repellents, each calculated in its 
own way to eliminate, control, or discourage the presence of various noxious 
forms. The standardization of these numerous products, however, so neces¬ 
sary for the protection of the purchaser, has posed a difficult problem not only 
for civil and military authorities but likewise for the manufacturers, most of 
whom value the satisfaction and good will of their clientele and have no 
desire to sell materials under false pretenses. 

Among insects, the common housefly is far out in front as the best laboratory 
animal for determining the relative efficiency of insecticides, attractants, and 
repellents. The only species which may be said to compete with Musca do¬ 
mestica for first honors is the cockroach, which, since’ it has chewing mouth 
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parts, is a type especially suitable for the testing of stomach poisons. For the 
standardization of contact sprays, on the other hand, houseflies have come to 
be regarded as indispensable, and the number used for routine testing by com¬ 
mercial houses, government agencies, and private investigators is virtually 
enormous. The remarkable fecundity of the species and the ease with which it 
may be cultured, as well as the relatively short life cycle, which makes possible 
the production of vast numbers within a few weeks’ time, all contribute to 
the appropriateness of Musca domestica as an experimental type. 



Figure ioj. Interior of insecticide testing laboratory. Technician is releasing 
spray into Peet-Grady chamber. Foreground shows battery of rearing cages. 
(Courtesy of John Powell & Co., Inc.) 


The first use of houseflies for such a purpose goes back many years, but the 
perfection of apparatus for accurate testing procedure is a rather modern 
achievement. Today it may be said that the housefly is, in truth, the entomolo¬ 
gist’s white mouse, the controlled culturing and rearing of which has become 
a procedure as highly technical as that employed for the maintenance of type 
cultures of bacteria or for the production of disease-free strains of rodents for 
use in clinical diagnosis. 

For convenience, the discussion which follows is divided into two parts: (i) 
rearing and culturing techniques, and (2) standard testing procedures. 
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THE HOUSEFLY 


THE REARING OF MUSCA DOMESTICA FOR 
EXPERIMENTAL PURPOSES 

The media employed by experimental workers for the rearing of flies have 
been many. Horse manure, a natural medium, may be employed successfully 
in the laboratory if it can be made available in a fresh condition as often as 
desired. The best procedure is to pasteurize the manure at i6o°-i 65°F (71.1 °- 
73.g°C) for two hours, then allow it to cool. The manure should then be 
packed rather loosely in battery jars, leaving only room to fit on the covers. 



Figure 108. Maintaining a laboratory colony of flies for use in testing work. 
Dried-out pupae are placed in rearing chambers. Flies emerge five days later. 
(Courtesy of John Powell & Co., Inc.) 


Jars 9 inches high and 6 inches in diameter are of convenient size. A yeast 
culture made up of 1 pound of yeast to 1,700 cubic centimeters of water should 
be in readiness. One hundred cubic centimeters of yeast culture are added to 
the manure in the jar. More or less than this amount may be used, depending 
on the amount of moisture in the manure, but it is best to have a thin layer of 
quite dry manure at the top as the time of pupation draws near. 

A more reliable medium, in that it can be made up in the laboratory at any 
time, is prepared by mixing together 200 g. of alfalfa and 400 g. of coarse, soft 
wheat bran. The mixture is placed in a battery jar and moistened with about 
a liter of yeast suspension prepared by combining 10. g. of compressed yeast 
with 16 ml. of malt extract in the required amount of water. Thorough mix- 
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ing of all ingredients is important. Experience will determine the correct 
degree of dryness to prevent the growth of molds. 

Some workers use powdered milk as a rearing medium. Oat hulls in com¬ 
bination with various other ingredients are also satisfactory. Such modifica¬ 
tions are discussed in greater detail in the pages that follow. 



Figure iog. Fly eggs in centrifuge tube. These will next be placed 
in breeding jars. (Courtesy of Standard Oil Company [N.J.]; photo 
by Bubley.) 


Transferring the Eggs 

In the breeding cages, it is desirable to provide moist cotton on which the 
flies may oviposit. If it is desired to estimate the number of eggs being 
transferred to the rearing medium, they may be shaken gently in a little water. 
After the eggs have settled, the number present can be very closely calculated 
by assuming that one-tenth of a milliliter of settled eggs contains about 500. In 
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rearing flies for resting, it is recommended that eggs be taken from at least 
two laboratory cultures. Under good conditions, a survival of 75 to 90 per 
cent may be expected; in other words, 2,000 eggs placed in a jar of properly 
prepared medium will yield from 1,500 to 1,800 flies. 



Figure no. Placing fly eggs in breeding jars. The laboratory as¬ 
sistant is here pouring a suspension of housefly eggs upon a medium 
suitable for larval development. (Courtesy of Standard Oil Company 
[N.J.]; photo by Bubley.) 


Handling of Larvae, Pupae, and Adults 
By the eighth or ninth day, the larvae should have completed their develop¬ 
ment and will be found undergoing pupation near the surface. The pupae 
may be separated from the medium by lifting off the upper half inch of the 
latter and spreading it upon a tray. A blast of air is then directed upon the 
particles of media until these become dry enough to blow away and leave 
the pupae relatively clean. These are gently but thoroughly mixed and 
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weighed into batches of approximately 500 each (if large-group procedure is 
to be used). Each batch, contained in a shallow dish, is placed in a separate cage 
and appropriate food is provided for the emerging flies. Milk, diluted 50 
per cent with water, is very commonly used. A 40 per cent solution of formal¬ 
dehyde, diluted 1 to 1,500 with the above mixture, will delay the souring of 
the milk and is not toxic to the flies. 

The foregoing procedures have been found especially successful by H. H. 
Richardson (1932a) and are included by Galtsoff et al. (1937) in their well- 
known Culture Methods for Invertebrate Animals. 

Eagleson (1943) advocates the use of a somewhat simpler medium consist¬ 
ing of crimped oats and water, the unhulled oats having been crushed between 
rollers. Eagleson places 2 kg. of the crimped oats in an unrusted, galvanized 
washtub and wets them down with approximately 4 liters of water. Care 
should be taken that there is no free water standing at the bottom. The hulls 
are said to prevent the formation of undesirable gummy masses. The medium 
should not be more than 5 to 7 cm. deep, as more than this favors acid fer¬ 
mentation of the lower layers. The addition of yeast is not necessary, as yeast 
fermentation is spontaneous from spores present in the dry oats. He does not 
advise stirring the medium. Daily sprinkling with water is required. 

Eggs will meanwhile have been deposited on food dishes in the adult cages. 
These are shaken in water in a graduated cylinder of 10 cc. capacity. About 
2 cc. of settled eggs are added to the freshly soaked oats. It is not necessary 
to wait for preliminary fermentation to set in. 

The tubds covered with a canopy of muslin which serves both to conserve 
moisture and to prevent contamination by flies that may be free in the labora¬ 
tory. If a sufficient number of larvae hatch out, there will be no danger of 
mold. After two days, the cover should be removed. This encourages the dry¬ 
ing of the walls and thus prevents the escape of the more mature larvae, which 
tend to migrate when four to six days old. 

As soon as pupation starts, the entire culture is spread on a sieve of hard¬ 
ware cloth, of a 6-mm. mesh. This is suspended in a frame above a funnel. 
The maggots, seeking an appropriate place for pupation, move downward 
and drop through both sieve and funnel into a shallow metal pan containing 
damp excelsior. The edge of the pan is made to overhang in an inward di¬ 
rection, to prevent the escape of the larvae. When all have fallen into the ex¬ 
celsior, a sheet metal cover is put in place. This provides a moist and dark 
environment, comparable to natural conditions. 

When the time approaches for emergence of the flies, the excelsior con¬ 
taining the pupae is laid on a wire sieve of the type used in a mill for fanning 
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grain. The mesh should be 2.8 X 20 mm. A second sieve, with a mesh 
2.5 X 20 mm., is arranged beneath. Shaking and gentle brushing will cause 
dust and undersize pupae to pass through both sieves. Excelsior and oversize 
pupae remain on top, while normal pupae of uniform size accumulate be¬ 
tween the screens. These are poured into small dishes of about 150 cc. capacity. 
Each dish, which will contain approximately 3,000 pupae, is then placed in an 
emergence cage. 



Figure 111. Method of rearing flies for experimental purposes. 
The medium in the jar contains housefly maggots. (Courtesy of 
John Powell & Co., Inc.) 


Eagleson advocates an octagonal cage, horizontally disposed, with the screen 
projecting 1 cm. at the open end. This is for sewing on a sleeve made of sheet¬ 
ing. The sleeve is turned inside out, the edges are made to match, and the 
stitching is completed, after which the sleeve is drawn forward once more. 
The sleeve may be gathered by a cord or tied in a single knot. The back of 
the cage is of wood, in which an aperture seven cm. in diameter is closed 
by a gate of 26-gauge galvanized iron. This is to provide for rapid emptying 
of the cage. Flies will usually emerge quickly from this aperture if the cage 
is covered by a dark cloth. After each use the cage is scrubbed with soapsuds 
and the wood surfaces are given three coats of waterproof enamel paint. 
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To feed the adult flies Eagleson uses a formula with the following in¬ 
gredients: 

Water, 500 ml. 

Shredded agar, 10 g. 

Pulp of ripe banana, 200 g. 

Sugar, 150 g. 

Skimmed milk, 1 liter 

Formalin, 0.5 ml. 

Gelatin (crude chips), 25 g. 

The sugar and agar are added to the water and heated until the agar dis¬ 
solves. Banana pulp and gelatin are next added and a boiling heat is main¬ 
tained until the gelatin also goes into solution. The formalin and milk are 
stirred in cold, and the medium is then placed in a refrigerator to congeal. 
A final stirring just before the medium solidifies will insure even distribution 
of the banana pulp. If the bananas used are not sufficiently ripe, the milk may 
curdle. This may be prevented, however, by the addition of 2 g. of bicarbonate 
of soda. 

The medium, as prepared above, is in the form of a soft gel which will 
neither drown the flies nor ensnare them. It can be stored up to three weeks 
in a refrigerator and at 30°C (86°F) lasts three or fours days without souring 
or undergoing putrefaction. Eagleson feeds it in 15-cm. chinette (glazed) 
paper plates which are discarded after use. 

The same author advocates a temperature of 28°C (82-4°F) for the adult 
flies and a temperature of 33°C (91.4^) for the larvae. The latter tempera¬ 
ture was determined as most suitable for maintaining the crushed oat medium. 
As indicated in an earlier chapter, larvae thrive at temperatures up to ap¬ 
proximately 40°C (io4.o°F). A relative humidity of 25 to 30 per cent was 
found most desirable. Eagleson points out that sunlight or even daylight is 
not required, stating that he has reared dozens of generations in a basement. 

Bickoff (1943) prefers a modification of Richardson’s technique. Bickoff 
uses three-and-a-half-gallon pans, in each of which are placed one-third of a 
pound of alfalfa meal and two-thirds of a pound of bran. These are mixed dry, 
after which are added 850 cc. of water containing one ounce of yeast. The 
entire mixture is then stirred until uniform. Using a calibrated pipette, the 
technician measures out approximately 7,500 eggs, which are then placed 
upon the mixture in the pan. Bickoff advocates a temperature of 32°C (89.6°F) 
and a relative humidity of 50 per cent. 

At the end of three days, the entire contents of the pan are transferred to 
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a second pan in which the same quantity of the same mixture has been made 
up the day before. Pupation should be nearly complete in seven to nine days, 
at which time the mash will be almost dry and easily fragmented. The dried 
mash containing the pupae is then shaken through a sieve. Large lumps 
(which rarely contain pupae) are discarded. An air blast is used to separate 
medium from pupae, of which approximately 5,500 may be expected from 
each batch. 



Figure //2. Lcji. Rearing flies for experimental purposes. This drying screen holds 
25,000 puparia. (Courtesy of John Powell & Co., Inc.) 

Figure 11Right. Numbers controlled in pupal stage. Five hundred puparia are 
placed in an open cup in the rearing cage. The second container holds food for the 
emerging flies. The entire batch will be used in a single test. (Courtesy of John Powell 
St Co., Inc.) 

Allen, Dicke, and Brooks (1943) used Richardson’s medium but intro¬ 
duced certain technical procedures of their own. Their flies were reared at 
85°F (29.4°C) and at a relative humidity ranging between 60 and 70 per 
cent. The larvae were separated from the medium one day before pupation 
by placing the mass in- a funnel that was provided with a succession of three 
screens of 4-, 8-, and 12-mesh gauze, respectively. Exposure to light caused the 
larvae to work their way down through the screens into a receptacle con¬ 
taining dry sand. At the end of 24 hours, the pupae were separated from the 
sand by sifting. This utilization of only those which pupated the first day 
served to insure reasonable uniformity as to time of emergence of the adult 
flies. Shortly before this occurred, the pupae were transferred to testing cages 
of 14-mesh construction. Wicks of rolled cotton wool provided a continuous 
supply of milk and water for emerging flies. During the actual running of the 
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tests, these wicks were replaced by corks. Immediately after, wicks supplying 
sugar solution were introduced, to provide for the nourishment of surviving 
flies. 

Basden (1947) also published some interesting modifications of accepted 
rearing techniques: Flies not more than one day old are etherized, and 80 
perfect specimens of each sex are selected by examination of the genitalia. 
From such a colony sufficient eggs are obtained each day to produce ap¬ 
proximately 4,000 puparia. A new oviposition cage is set up once a week. 
According to Basden, flies oviposit as well in complete darkness as when 
illuminated for 8 out of 24 hours. Instead of transferring a definite volume 
of eggs to freshly mixed food, Basden prefers to allow all the eggs to hatch, 
then mix the contents of the oviposition jar with the food material. 

Basden’s rearing medium, which he finds more satisfactory than either 
Richardson’s formula or the modification thereof usually employed in Peet- 
Clrady testing, differs from these as shown in Table 17: 


Table / 7 


Richardson 

Peet-Orndy 

Basden (formula no. 6) 

3.25 lb. (1,474 g.) wheat bran 

3,96 lb. (1,800 g.) coarse wheat 
bran 

4 lb. (1,814,5 £•) nucl¬ 
ei 1 i ngs 

1.75 lb. (jg 4 g.) alfalfa meal 

7.98 lb. (900 g.) alfalfa meal 

2 lb. (907.25 g.) grass 
meal 

5,250 cc. water 

4,050 cc. water 

6,000 cc. tap water 

25 cc. “Diamalt” 

75 cc. mall: extract 

60 g. dry malt extract 

56 g. baker’s yeast 

45 g. compressed yeast 

45 g. dried yeast 


The first puparia form three or four days after the newly hatched larvae 
are mixed with the culture medium, that is, five or six days after the oviposi¬ 
tion jar is placed in the cage containing young adults. Three days later all 
may be considered to have pupated, and the puparia are removed from the 
culture medium. 

Basden collects his puparia by tipping the cultures into water. All puparia 
more than five hours old will float, and are decanted. Any larvae present, 
very young pupae, and all food (if it is wet enough) sink to the bottom. The 
procedure is as follows: 

(1) Water at 27-5°C dz 0.5 0 is run into a tank. 

(2) The culture is tipped into this and the whole mixture is stirred gently 
by hand to break up the food and release the puparia. 

(3) After three or four minutes, to allow for settling, the puparia are care¬ 
fully skimmed off the surface by use of gauze scoops. 
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(4) The puparia are transferred to a second water bath, where settling 
and skimming are repeated. 

(5) The puparia are placed on absorbent paper and dried in a current of 
air. When dry, they are placed in cages for emergence. On the seventeenth 
day the flies are ready for use. 

A method asserted to be both more convenient and easier to use than those 
of Richardson and Eagleson has recently been described by Frings (1948). 



Figure 114. Releasing flies into Peet-Grady chamber. A definite 
number of specimens, of known age and sex ratio, are permitted to 
enter the Peet-Grady chamber for testing. (Courtesy of John Powell 
& Co., Inc.) 


A small mass of fermenting dog biscuit (moistened with yeast) is kept in 
a covered jar as “seed.” To this is added a sufficient amount of moistened bis¬ 
cuit for a few days’ operation. When the whole mass has become fermentive, 
convenient portions are removed either for oviposition or for rearing. For 
oviposition, the material is placed in the cages in beakers or small museum 
jars. Frings states that “the number of eggs laid by the flies on a small amount 
... is almost unbelievable.” 

The rearing containers are two-quart Mason jars with two-piece lids, of 
which the central disc consists of 60-mesh screening. The eggs or young 
larvae are added to about 2 inches of medium. It has been noted that housefly 
larvae tolerate wider differences in moisture content than do the larvae of 
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blowflies. Fine wood shavings or coarse sawdust may be added as the larvae 
grow older, to offset the accumulating moisture; the larvae accomplish the 
necessary mixing by their own activity. 

More sawdust is added as pupation draws near, and when pupae begin to 
appear, the entire mass is poured into a shallow pan to permit further drying. 



Figure 115. Pupal cases remain after release of flies. If any of the flies should 
fail to transform, their number can be determined by counting the unruptured 
puparia. This picture was made immediately after the flies had left the rearing 
cage and entered the Peet-Grady chamber. (Courtesy of Rohm & Haas Com¬ 
pany, Philadelphia.) 


Larval density has a bearing on normality of the adult flies, which are most 
satisfactory when approximately 9 g. of biscuit are allowed for each one hun¬ 
dred specimens. Two inches of medium in a Mason jar will thus support 
about 2,000 larvae. The medium is said to be remarkably free from disagree¬ 
able odor. 


STANDARD TESTING PROCEDURES 

As stated above, the large number of proprietary compounds claimed by 
manufacturers to have insecticidal value has resulted in the necessity for 
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standard procedures by which the relative efficiency of the various products 
may be evaluated. 

The Peet-Grady Test 

In 1928, Peet and Grady published a technique which has since become 
known as the Peet-Grady method, and in which Musca domestica is employed 
as the test species. In the original procedure, not less than one hundred flies 
were used and the test chamber was kept at 85°.?. The flies were liberated in 
the chamber at a concentration not to exceed one per cubic foot. The insecti¬ 
cide was then introduced by means of an atomizer through half-inch holes, 
the mechanism being such that both the amount of the insecticide and the 
pressure of the spray might be measured and controlled. After 12 cc. of in¬ 
secticide had been introduced, all doors and other apertures were kept tightly 
closed for a period of ten minutes. 

All flies found clinging to the walls or ceiling were then counted, and all 
dropped flies were transferred to a clean cage for observation. Those which 
recovered within 24 hours were then added to the wall and ceiling count, 
being considered to have escaped the action of the insecticide. 

The chamber should be so constructed that only the biological element is 
subject to Variation. The condition of the insects, the angle of the spray, the 
fineness of the spray, atmospheric conditions, the concentration of the insecti¬ 
cide, the carrier employed, the temperature, humidity, and the period of ex¬ 
posure are all kept as constant as possible during successive tests. Various 
modifications of procedure calculated to improve the reliability of the results 
have been introduced by these and other workers over a period of years. 

The National Association of Insecticide and Disinfectant Manufacturers 
adopted the Peet-Grady method as an official procedure in T932, and has since 
recognized two forms of the lest for evaluating various liquid sprays in com¬ 
parison with an official test insecticide 1 (O.T.I.). The small group procedure 
is similar to the original technique in that the insecticides are tested against 
lots of too flies, prepared while the flies are either in the pupal or the adult 
stage. Sex ratios are as found in nature. To compensate for biological vari¬ 
ability, ten paired tests are run, and the results are averaged for record. In 
each test, the unknown insecticide is compared with an O.T.I. of previously 
determined potency. 

1 It has usually been the policy of the National Association of Insecticide and Disin¬ 
fectant Manufacturers to make the Official Test Insecticide available to all firms or labora¬ 
tories, whether members of the association or not. 
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In the large group method, 500-fly lots are employed. These are prepared 
in advance by placing at least 500 pupae in each cage and waiting for 
emergence. Sex ratios are made uniform, so that any differences in susceptibility 
due to sex will be eliminated. For tests to be official, the apparatus must con¬ 
form to specifications. 

The rearing room is maintained at a temperature ranging between 8o° 
and 85°F, and at a relative humidity above 40 and below 70 per cent. 



Figure 116. Peet-Grady testing chamber in use. Technician operates valve releasing 
insecticide into chamber in the form of a fine spray. Glass window permits direct ob¬ 
servation of flies. (Courtesy of Rohm & Haas Company, Philadelphia.) 


The testing room must be separate from the rearing room, lest traces of 
insecticide come in contact with the insects prior to the test. It is maintained 
at a temperature of 75 0 to 85°F; the relative humidity is unimportant, 
though a range between 40 and 70 per cent is considered desirable. There 
must be provision for an air intake, with an outside source of air of ap¬ 
proximately the required temperature. The room should be of sufficient size 
to permit the operator to move freely about the test chamber that stands 
within. 

The Peet-Grady test chamber may be made of either wood or metal. All 
bracing should be external, as the inside must be free from ledges, projections, 
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crevices, or cracks. The inner surface is made smooth and of a material 
impervious to ordinary insecticides. The chamber itself is a C-foot cube, a 
i-inch deviation being permitted in any dimension. 



Figure 117. Observation window in Peet-Grady chamber. Ento¬ 
mologist is observing the effect of spray recently released into cham¬ 
ber. A count of flies still on the wing is made at the end of five 
minutes. After ten minutes the entomologist will enter the chamber 
and count the knocked-down flies. (Courtesy of Standard Oil Com¬ 
pany [N.J.]; Photo by Bubley.) 

The roof should contain a glass window above which is suspended an ade¬ 
quate source of illumination. Windows should be provided on at least one 
wall, preferably on two opposite walls, so as to permit adequate observation. 
A tight-fitting door, large enough to permit the operator to enter, is required. 
This should be hung so that the inner surface is flush with the inner wall of 
the chamber when the door is closed. 
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To provide for thorough ventilation after every test, there must be an air 
duct leading from the chamber to a point outside the building. This is 
equipped with an exhaust fan capable of moving not less than 1,000 cubic 
feet of air per minute. The air duct should be protected by a 10-mesh screen. 
Some chambers are equipped with a screen door in addition to the solid door, 
and this provides for the intake of sufficient air to replace that which is 
pumped out. Ordinarily, however, it is preferable to have portholes, 6 inches 
in diameter, located in the corners of the chamber, one in each of the eight 
corners, if possible. None of these should be on the same level as the exhaust 
aperture. Ventilation ports should be provided with tight-fitting, hinged 
covers that open outward. They should be covered with screen on the inside. 

For introducing the insecticide, i-inch holes are recommended. These 
should be not more than 18 or less than 6 inches from the ceiling. Some cham¬ 
bers have a single intake hole in the center of each wall; others have them 
within an inch of the corner on each side. For official tests, the atomizer is 
required to be a De Vilbiss Special No. 5004, and must be operated with air 
at 12.5 lbs. pressure per square inch, ±0.5 lb. Air must be free from condensed 
moisture, oil, or particles of dust. The atomizer is set to deliver 12 cc. of base 
oil in not less than 23 or more than 25 seconds. The nozzles are made to oscil¬ 
late in a horizontal plane to insure even distribution of vapor. This also 
avoids wetting of the ceiling and walls. 

For testing, the flies are confined in cages with a square base and detachable 
floor. At least two sides and the top are made of 36-mesh screen. Another 
side is fitted with either a rubber membrane or a sleeve-type opening. 

Flies that have been ovipositing for two days will be of the proper age for 
testing, that is, four to five days old. The floor of the Peet-Grady chamber is 
covered with unsized, nonglazed paper of an absorbent type. Paper of 60 
to 80 lbs. weight seems most satisfactory. In the large-group method all the 
flies in one cage are transferred to the testing chamber. All ventilating aper¬ 
tures are closed, and care is taken that no window is more shaded than any 
other. Twelve ml. of insecticide are then fed into the chamber through the 
spray holes at 12.5 lb. pressure, the temperature being maintained between 
8o° and 85°F. Ten minutes after the spraying is begun, portholes are opened 
and the chamber is ventilated. 

A few unparalyzed flies may be found at the expiration of the ten-minute 
exposure. These are first counted and removed, after which the paralyzed 
flies are gathererd and transferred at once to clean cages of the type described. 
Care must be taken to avoid injuring the flies, as a certain percentage will re¬ 
cover from the exposure and this percentage is significant. Best results are 
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obtained with a vacuum device which picks up the flies by gentle suction 
and passes them into a receptacle of sufficient size to insure against harmful 
crowding. Counting of the paralyzed flies may be done either at this time 
or after their transference to the recovery cage. 

In the cage is placed a ball of cotton wrapped in gauze and saturated with 
a to per cent sugar solution. Any type of food may be used, but it must be 
near the floor of the cage so that enfeebled flies may reach it, and should 



Figure j/8. Counting die kill inside Peet-Grady chamber. A mechanical 
counter is used. (Courtesy of Rohm & Haas Company, Philadelphia.) 


not be of such consistency that the flies can drown in it. After 24 hours in 
the rearing room, the recovery cage is examined and the final count is 
recorded. This is best accomplished by removing from the cage all individuals 
that show no sign of life on being touched. These may be counted as dead. 
If all paralyzed flies were counted on removal from the test chamber, no 
further counting is needed. If not, it will be necessary to kill the recovered 
flies still in the cage. This is best done by placing the latter in an oven at 
i70°F. These may then be counted and the data assembled. The following 
relationships will be apparent: (1) Number of recovered flies plus number 
found dead after 2q hours equals the number paralyzed. (2) Number of 
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Figure iig. Progressive knockdown with continued exposure to pyrethrum. 
Upper: Knockdown one minute after treatment with a 5 per cent pyrin spray. 
Center and lower:. Knockdown after three minutes and ten minutes, respec¬ 
tively. (Courtesy of John Powell & Co., Inc.) 
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paralyzed flies plus number not paralyzed after ten-minute exposure equals 
total number of flies used in test. (3) “Knockdown” may be expressed as the 
percentage of total flies' which were paralyzed. (4) “Mortality” may be ex¬ 
pressed as the percentage of total flies counted as dead. 

Before the test chamber can be utilized for a second test, the walls must 
be thoroughly cleaned by wiping with a clean cloth saturated with an effective 
solvent, such as alcohol containing 10 per cent of acetone. Such cleansing is 
sufficient for a short series of tests, but at intervals the chamber should be 
cleaned thoroughly with soap and water. Any toxic residue can destroy the 
value of successive tests, hence the great importance of perfect cleanliness, 
especially when new compounds are being tested. 

Each year, the National Association prepares an official test insecticide to 
be used in testing other compounds. It may or may not differ from that used 
the previous year. The O.T.I. kill must fall between 30 and 55 per cent. If the 
insecticide to be tested falls within 5 per cent of the mortality figure for the 
O.T.I. it is given a.rating of “B.” Should it exceed in efficiency the O.T.I. by 
from 6 to 15 per cent, it is rated “A” or good. A kill 16 per cent or higher 
above the O.T.I. entitles the product to a rating of “AA” or excellent. No un¬ 
known insecticide is given an official rating unless its knockdown percentage 
is equal to that of the O.T.I. A variation of (—) 2 percentage points, however, 
may be allowed. 

Bliss (1939) is responsible for a modification of the Peet-Grady technique 
by which it is possible to determine exactly the extent of the difference in 
toxicity between the material being tested and the O.T.I. This calculation is 
based on determining the exact amount of the official test insecticide which 
will give the same mortality as a measured unit of the sample. If a quarter 
unit of the standard gives the same mortality as one unit of the sample, the 
latter is listed as 0.25, or a 25 per cent toxicity rating. All tests must necessarily 
be run on the same culture of flies. 

Eagleson (1940) preferred the Bliss method in determining the toxicity 
of livestock sprays. His flies were placed in cylinders exposed in a spray tun¬ 
nel. After the insects became paralyzed they were placed in recovery cages 
and the results were observed. He found mortality to be from 14 to 20 per 
cent higher among protected flies than among aerated specimens. Eagleson’s 
spray tunnel (1941) was made to simulate conditions as they normally exist 
in well-aired barns. Strict reliance upon Peet-Grady tests was found inade¬ 
quate for evaluating the killing power of insecticides as used under practical 
conditions. 

After testing, Eagleson placed his flies in a recovery cabinet with a stream 
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of air circulating through it. Since the spray-tunnel technique is more rapid 
than the Peet-Grady method, the mortality from other causes becomes negligi¬ 
ble. Eagleson counted his flies without removing them from the cylinder. The 
method has one great advantage in that it can be used to study the ability 



Figure 120. Recovery cages. Flies that have been knocked down by insecticide in the 
Peet-Grady chamber are placed here for twenty-four hours. A count is then made to 
determine the percentage of recoveries. (Courtesy of Standard Oil Company [N.J.]; 
photo by Bubley.) 

of the insects to recover from mild doses of any spray. This factor, usually 
not well known, strongly limits the efficiency of many sprays in general use. 

In most of his tests, Eagleson demonstrated that though male and female 
flies seemed about equally susceptible to the hypnotic dose of the material 
being tested, the lethal effect was more pronounced among the males. It be¬ 
comes important, therefore, that the proportion of males and females be uni¬ 
form for all tests in a series. Eagleson and Benke (1938) found that an equal 
number of males and females could usually be assured through sorting the 
pupae by means of two wire screens. One should have a mesh of %4 X % 
inch; the other %7 X % inch. Abnormally large pupae pass through neither 
screen; undersize pupae, through both. 
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Other Cylindrical Chamber Tests 

The Peet-Grady chamber, of course, is of a type in which the insects are 
free to distribute themselves throughout a considerable space prior to ex¬ 
posure. In contrast with this procedure a number of tests have been devised 
in which the insects are confined in a smaller area. The cylindrical chamber 
of Tattersfield and Morris (1924) is of such a type. It insures greater uni¬ 
formity of spray application and is adaptable for use with both crawling and 
flying insects. Water, oils, or other liquids may be employed equally well as 
the carrier fluids. The apparatus is essentially a glass jar with an atomizer 
fixed in the lid. This throws a fine spray on the insects, which are placed in a 
dish inside the jar. The cylinder should be mounted on a leveling platform. 

The Turntable Method for Comparative Testing of 
Liquid Contact Insecticides 

Based on the cylinder of Tattersfield and Morris, an apparatus which 
costs less than the Pect-Grady chamber, requires less space, and operates 
more quickly was brought forward by Campbell and Sullivan in 1938. As 
later perfected, this consists of a metal turntable, preferably of aluminum, 46 
inches in diameter and mounted on a triangular frame of angle iron. Upon 
the turntable are mounted ten large aluminum cylinders, each 8 inches in 
diameter and 17 inches high. Immediately below each of those cylinders, and 
attached to the under side of the table, is a small cylinder or “cage holder” 
4 inches deep and 6 inches in diameter. Arising from the center of the turn¬ 
table is a vertical brass pipe, at the top of which is a supporting arm for the 
spray gun. Beneath this, the cylinders may be rotated. 

Air is piped to a valve and gauge panel in front of the table, where it is split 
into two lines. The pressure in one line is controlled by a reducing valve and 
recorded on the gauge. The pressure in the other line is not controlled, its 
function being merely to operate the valve in the nozzle of the spray gun 
while the controlled pressure line atomizes the liquid to be sprayed. 

From the valve, the two air lines extend beneath the table and enter the 
ball-bearing assembly at the center. One rises through the center of the brass 
standpipe. The air from the other is carried upward through the annular 
space between the inner and outer pipe. The two serve the double purpose 
of supporting the spray gun and conveying air, under pressure, to the nozzle. 
Bent copper tubing makes the final connections. 

The turn table is composed of two layers, the upper of which has a some¬ 
what smaller diameter than the lower. The cylinders fit into holes in the upper 
layer and rest on a circular lip formed by the lower element. At these points 
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the layers are separated by a %-inch slot into which a stainless steel plate 
may be inserted from the outside. 

For the test, a 5 - 14 -inch Petri dish containing about 100 houseflies, and 
covered with screen, is placed in one of the ten cage holders, and the latter is 
closed by inserting a stainless steel slide. The cylinder next to the right is 
then transferred to the “loading” position and the process is repeated until all 
ten places have been made ready. 


Figure 121. Counting dead flies after Peet-Grady test. Technician is using a mechanical 
counter to record mortality twenty-four hours after exposure to insecticide in tasting 
chamber. (Courtesy of Rohm & Haas Company, Philadelphia.) 

Liquids to be tested are measured into test tubes, 5 cc. to a tube. The con¬ 
tents of one tube are then poured into a thistle tube which leads to the 
spray gun. An automatic device exactly centers the hole in the cover of each 
cylinder as the latter comes into position beneath the nozzle. By opening 
the hand control valve on the gauge panel, the operator causes the two pres¬ 
sure lines to function and the entire charge is sprayed into the cylinder. The 
valve is then closed and the steel slide is pulled out. The cylinder settles to 
the level formerly occupied by the slide, and the mist settles into the cage 
holder without escaping to the outside. 
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If the second test tube contains a different insecticide, the nozzle is cleaned 
by spraying through it a solvent, such as acetone, a reservoir of which can 
be made available by fusing to the thistle tube a glass tube, with stopcock, 
leading from an Erlenmeyer flask. The sprayed solvent is received into a 
cloth with the nozzle over a space between two cylinders. 

By turning the table at 30-second intervals, ten samples can be sprayed into 
as many cylinders in a total of 5 minutes. 

After exposure to the mist for 10 minutes, the first Petri dish is removed 
and the paralyzed flies are transferred to a small, cubical cage. Others are 
removed at intervals of 30 seconds, so that all will have been exposed for the 
same 10-minute period. Operating on such a schedule, the investigator com¬ 
pletes the entire procedure in a quarter of an hour. 

A Less Expensive Chamber 

A much cheaper device for testing contact insecticides against Musca do- 
mestica has been constructed by Hoskins and Caldwell (1947). This consists 
of a cylinder twelve inches in diameter and forty inches long, so mounted 
that the long axis is nearly, but not quite, horizontal. The fly cage is placed 
beneath a hole in the bottom, near the lower end of the chamber, opposite 
the point of entry for the spray. This arrangement permits the larger drop¬ 
lets to settle out before the spray cloud, which consists of small droplets only, 
makes contact with the flies. Ease of cleaning and rapidity of operation are 
the principal arguments in favor of its use. 

Testing Residual Insecticides 

Constructive criticism of the Peet-Grady method for the evaluation of 
household fly sprays has been advanced by Waterhouse (1947), who points 
out that the procedure was devised primarily for testing insecticides which 
behave after the manner of pyrethrins, with a quick knockdown effect. The 
method is not as suitable for comparing preparations which contain DDT, 
the action of which is considerably slower. A chemical assay of the DDT 
present is seen to be necessary as au adjunct to the biological test. It is therefore 
obvious that the comparative value of various toxicants can no longer be 
measured entirely by the use of mists and sprays. Residual films have be¬ 
come important, and our testing methods must be revised, especially since 
insects now frequently come into contact with layers of crystals or other 
particles, rather than with drops of a solution. 

Busvine and Barnes (1947) have recently devised a method for testing the 
toxic effect of such dry insecticidal films. These authors make use of Watkins 
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No. i filter papers, 9 cm. in diameter. One cubic centimeter of acetone is suf¬ 
ficient to soak a single paper. Solutions of the various insecticides are pre¬ 
pared in eight different concentrations, so that one cc. of liquid will give a 
deposit of 10, 5, 3, 1, 0.1, 0.01, 0.001, or 0.0001 mgm. per square centimeter on 
the filter paper. In applying the solution, the paper is balanced on pin points 
and the liquid is added spirally from a 1 cc. hypodermic syringe. First-stage 
drying is accomplished by fanning. The papers are then allowed to dry sev¬ 
eral hours further before use. 



Figure 122. Lcjt. Small-chamber testing. Entomologist is spraying insecticide into a 
bell jar containing healthy, laboratory-reared flies. (Courtesy of Standard Oil Company 
[N.J.]; photo by Parks.) 

Figure J2$. Right. Timing the action of an insecticide. The entomologist uses a stop 
watch to determine the effectiveness of the spray. (Courtesy of Standard Oil Company 
[N.J.J; photo by Parks.) 


The method of exposure varies with the type of insect being studied. Flies 
are confined between two Petri dishes, each lined with a filter paper. With 
Gammexane, which tends to give off toxic vapor, the papers are placed at 
least 2 cm. apart and ventilation is provided by enclosing the system in a 
ring of mosquito bar. 

The percentage kill of different insects is calculated on the assumption 
that the number of particles picked up by the insect is directly proportionate 
to the number per unit area. It is further assumed that the toxic effect is 
related to the logarithm of the number of particles on the insect. For Musca 
domestica, exposed two hours at 30°C, the results shown in Table 18 were 
obtained. 
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Table 18 





Deposits: mg 

per sq 

. cm. 



Insecticide 

10 

1 5 

3 

I 

1 .1 

1 .01 

.001 

.0001 

(1) DDT 

— 


— 

100 

100 

97 

41 

— 

(2) Gammexane 

— 

— 

— 

— 

— 

100 

3 00 

100 

(3) Pyrethrum 

— 

— 

— 

100 

55 

3 2 

— 

— 

(4) Rotenone 

100 

— 

67 

25 

— 


— 

— 


The DDT used was pure para-para DDT, with a melting point of ro8°C 
(226.4°!'). The designation gammexane refers to a pure preparation of the 
gamma isomer of benzene hexachloride, melting point H2°C (223.6°?). 
The pyrethrum employed for these experiments tested 20 per cent pyrethrin 
content. A crystalline form of rotenonc was used. 

From these data, it is calculated that a kill of 50 per cent might ordinarily 
be expected from a deposit of .001 mg. per sq. cm. of DDT, a .00001 mg. of 
gammexane, .08 mg. of pyrethrins, or 2 mg. of rotenone. In am oil spray, the 
number of milligrams of toxicant per kilogram of body weight necessary to 
produce a kill of 50 per cent is approximately 6-9 mg. of DDT, 2-3 mg. of 
gammexane, 31-38 mg. of pyrethrins. Rotenone is not ordinarily tested in 
this manner. It will be seen that the relative toxicity of the films of undiluted 
insecticides is considerably different from that of the same insecticides in 
oily solution. 

As for the residual effect, it has been found that" the very sparse films of 
gammexane soon lose their toxicity, apparently by evaporation. Pyrethrum 
films are somewhat more enduring, while DDT persists the longest. Data of 
this sort are obtained by storing the saturated discs of filter paper and testing 
at definite intervals of time. 

Special Tests and Investigational Techniques 

For testing the reaction of flies to stimuli of an olfactory character, Eagleson 
(1939) has devised a relatively simple apparatus, consisting of a U tube of 
adjustable length, with wire screen partitions closing the free ends of the two 
arms. The flies are imprisoned in the tube and one arm is then perfused with 
the odor of the repellent or attractive material to be tested. At suitable inter¬ 
vals, the observer counts the number of flies resting on each of the screen 
septa. The degree of attraction or repulsion is calculated according to the 

formula R —-—-—, in which E — experimental ratio of populations 

after introduction of the odor and c ~ the control ratio of populations before 
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the test. R indicates “reactance,” which may be represented by a point on a 
scale ranging from -fl-ioo to —ioo, where o is the dividing line between at¬ 
traction and repulsion. 

This apparatus is not different in principle from that of Ingle (1943). After 
using blue light to attract the flies to a certain general location, Ingle ob¬ 
served the numbers which alighted on untreated screens as compared with 
the count on a screen treated with some specific repellent, attractant, or other 
odoriferous substance. 



Figure 124. Insect rearing cage. This type is suitable for general use, in¬ 
cluding the rearing of flies. The mesh of the screen should be sufficiently fine 
to prevent smaller specimens from making their escape. (Courtesy of Ward’s 
Natural Science Establishment.) 

For transferring flies from a cage trap to a glass container, Harris and 
Down (1946) describe a simple device consisting of a box into which the 
cage is placed after a few hours’ trapping. The cage should have a hole in 
the top, fitted with a removable stopper. The latter is removed and a cover 
is placed over the box. There is a hole in this cover over which a glass con¬ 
tainer is inverted. The cover is then shifted so that the aperture is directly 
above the hole in the trap. Positive phototropism causes the insects to fly up¬ 
ward. 

The temperatures and relative humidities employed by experimental work¬ 
ers for the maintenance of fly colonies vary considerably. Tischler (1931b) was 
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successful at 85°-C|0 o F . Thomssen and Doner (1938) prefer 

8o°F (26.7°C), maintaining this level by means of a thermostat. Like most 
workers they make no attempt at precise control of humidity, as the moisture 
given off by the rearing mechanism is usually adequate in this regard. In 
breeding flies throughout the year for insecticide tests, Grady (1928) made 
use of a constant temperature of 86°F (30.o°C). By employing a trough of 
wetted sawdust under a steam coil he was able to provide a relative humidity 



Figure 1 25. Drop-testing a potential new insecticide. The flies are immo¬ 
bilized by chilling, then placed on a cold slab. A drop of the material is placed 
on each one, after which the flies are placed in a recovery cage. At the end of 
twenty-four hours, a record is made of the percentage killed. (Courtesy of 
Standard Oil Company |N.J.]; photo by Bubley.) 

of 40 per cent. Derbeneva-Ukhova (1935a) kept his virgin females for ovarian 
studies at 26°C (78.8°F), with a relative humidity of 40 to 45 per cent. Cox 
(1944) reared his larvae at 8o°-85°F (26.7°-29.4°C). Reference to Chap¬ 
ter VIII will explain why such latitudes are allowable. 

If the experimenter should desire to maintain control of the relative hu¬ 
midity in a small chamber, the method of Buxton and Mellanby (1934) is 
recommended. A stock solution of sulphuric acid is prepared by combining 
equal volumes (not weights) of concentrated acid (A.R.) and distilled water. 
If the original acid had a specific gravity of 1.841, that of the stock solution will 
be 1.550 after it has cooled (100 cc. acid -(- 100 cc. HoO — 183.5 cc - °f stock). 

Table 19 shows the relative humidity produced in the atmosphere by vari- 
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ous mixtures of water and stock solution. It will be noted that the specific 
gravity declines proportionately as the concentration of acid is reduced. 


Table 19 


RH% 

Stock H,S0 4 , cc. 

Water, cc. 

Specific gravity 

20 

709 

"4 

1.486 

30 

686 

226 

1.41 

4° 

539 

306 

t.38 

5° 

5M 

396 

’■33 

60 

374 

420 

1.295 

70 

348 

5 >03 

1.25 

80 

294 

640 

r.19 

90 

t6i 

712 

I .125 


Buxton and Mellanby state that in the tropics better results are obtained 
by using graduated solutions of potassium hydroxide. 

It is sometimes desirable to measure quantitatively the spray material accu¬ 
mulated by an insect as it flies through an insecticidal mist. David (1946) has 
devised a colorimetric method for determining this. A measured quantity of 
the red dye Sudan III is first dissolved in benzene, which is then added to an 
equal volume of odorless kerosene containing the insecticide. After exposure 
the insects arc extracted in odorless kerosene, and the extracts are compared 
with a standard dilution of the dye. 

David was thus able to determine the surface median lethal dosage for 
pyrethrins, for DDT, and for benzene hexachloride. For male houseflies the 
maximum median lethal dose was 6 mg. of DDT per kg. of body weight, 
2 mg. of benzene hexachloride (666), and 31 mg. of pyrethrins. Females were 
more resistant, requiring 9, 3, and 38 mg., respectively. 



CHAPTER XVI 


Field, Museum, 
and Laboratory Techniques 


/ saw a file within a beade 
Of amber cleanly buried. 

—Robert Herric!^, "The Amber Bead" 

I N ALL biological, studies it becomes desirable, from time to time, to pre¬ 
serve representative specimens, either for future observation or as proof 
and record of experiments performed. 

The techniques best suited for the collection and preservation of filth¬ 
feeding Diptera do not differ essentially from those employed by the general 
entomologist. These techniques, however, are not always included in the 
training of teachers, laboratory technicians, or medical personnel who, through 
an interest in public health and sanitary education, may be called upon to 
conduct surveys, give instruction, or assemble collections of medically im¬ 
portant forms. For this reason, it appears desirable to include in the present 
work a chapter summarizing both field and laboratory techniques, and point¬ 
ing out those modifications of procedure which are of particular value in the 
study of muscoid flies. 

COLLECTION OF ADULT FORMS 

The traditional insect net, so useful in capturing Lepidoptera, Coleoptera, 
and other insects in the field, has but limited use in the capture of filth-feeding 
flies. It is, nevertheless, an essential part of one’s equipment. The fabric should 
be relatively transparent and of not too fine a mesh. Both features contribute 
to the ease with which the specimen may be seen after capture and transferred 
to a suitable container or killing jar. Color, also, is important here. Since the 
body of the fly is relatively dark, the specimen is much easier to locate against 
a white background than against a black or khaki-colored fabric. There are 
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times, however, when this advantage may well be sacrificed for safety, as in 
survey work during military campaigns, where white might attract enemy 
attention and lead to disclosure of the disposition of troops. 

The shape of the net is of some importance. A conical design is preferable 
to a U-shaped pattern, as it favors the transfer of the insect from net to bottle. 
This is because flies are positively phototropic, and, therefore, tend to fly up¬ 
ward when confined. Except when cold or other factors make them sluggish, 
houseflies, blowflies, and similar types will rarely escape if the point of the 



Figure .126. Collecting tools. A: Net, preferably of white material. B: 
Chloroform tube. Scraps of rubber, soaked in chloroform, release vapor gradu¬ 
ally. C: Cyanide tube. Potassium cyanide, covered with sawdust, reacts slowly 
with air to produce cyanide gas. Both tubes contain crinkled lens paper to 
keep specimens from matting. D: Pillbox, for carrying specimens in the field. 
Discs of soft (issue protect successive layers. 


net is held uppermost and the insect is permitted to follow its natural in¬ 
stincts. In the attempt to escape by flying upward, the flies soon find themselves 
trapped in the tip of the net, where they betray their presence either by a loud 
buzzing or by crawling about in the limited space which the extremity pro¬ 
vides. The collector may then introduce his tube or bottle through the mouth 
of the net, with his free hand, and thus encompass the insect from below. In 
its first reaction to fumes from the killing agent, the insect usually makes a 
short flight downward, at which time the collector may close the mouth of 
the tube by thumb or finger and withdraw it from the net. As soon as the fly 
becomes sufficiently affected to make escape unlikely, a cork or stopper is 
substituted for the thumb or finger, and the specimen is secured. Large flies 
may often be held stationary in the net by light pressure of thumb and finger 
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from the outside while the tube is introduced below. For small specimens 
likely to be damaged by such handling, this is impractical. 


THE KILLING TUBE 

A 6-inch test tube, of heavy glass, approximately i inch in diameter makes 
the handiest and most practical type of killing tube for use in the field. It 
fits conveniently into any large pocket, can be readily grasped with the fingers 
of one hand, and is easily stoppered by a man’s thumb. The poison of choice 
for insect killing tubes is potassium cyanide (KCN), which is available from 
supply houses in the form of a white powder. It is one of the more dangerous 
poisons and bears the skull and crossbones label. Care should be exercised 
in handling potassium cyanide and, of course, one should avoid breathing 
the fumes. If cyanide poisoning is suspected, a physician should be summoned 
at once. Meantime, antidotes may be administered. The inhalation of am¬ 
monia is recommended, as well as the administration of a teaspoonful of 
hydrogen peroxide by mouth. If available, 20 grains of potassium carbonate 
in one ounce of water, followed by a solution of 10 grains of ferrous sulphate 
and 60 minims of tincture of iron chloride in one ounce of water, is usually 
effective. Curran (1934) points out that one of the most efficient antidotes 
for cyanide poisoning is the intravenous injection of methylene blue. Dosage 
will depend upon the age and weight of the patient, and on the judgment 
of the physician. Ordinary precautions consist of keeping all containers tightly 
closed when not actually transferring the salt, holding the breath when di¬ 
rectly over the material, and seeing that the room is well ventilated. Any 
spoons or other apparatus used in handling cyanide should be kept for that 
purpose only and should never be allowed near food. 

To prepare the killing tube, place approximately % inch of the potassium 
cyanide in the bottom and cover with a like amount of sawdust, not too 
coarse. The sawdust should be tamped slightly, then sealed in place by one of 
two methods. A neat and permanent arrangement results from pouring a 
small quantity of freshly mixed plaster of Paris upon the sawdust. This hard¬ 
ens almost immediately and prevents both the sawdust and the cyanide from 
working up into the tube and inflicting mechanical damage upon the speci¬ 
mens. An alternative procedure is to prepare two or three discs of blotting 
paper of such a diameter as to fit snugly within the tube. When these have 
been pushed down tightly with a stirring rod or similar tool, the tube is 
ready for use. The potassium cyanide reacts slowly with the moisture in the 
air to form cyanide gas (HCN). Such a generator will serve a full year, and 
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sometimes longer, depending on the rate of the reaction. If captured flies do 
not succumb within a few minutes, it is an indication that the supply of mois¬ 
ture is insufficient. A drop or two of water upon the plaster or blotting paper 
will correct this, though such a procedure is usually unnecessary. When the 
tube loses its killing power, it may either be cleaned out and recharged or 
thrown away. Those sealed with plaster are usually discarded because of the 
difficulty of removing the seal. 

For short-time service, many collectors prefer a chloroform tube. This is 
easy to prepare and is safe to have about where there are pets, children, native 
helpers, or irresponsible workmen. Old rubber tubing or heavy sheer rubber 
is cut into bits not more than a % inch in greatest dimension. These are 
placed in the bottom of an empty tube, to the height of about 2 inches, and 
sufficient chloroform is added to cover them. The tube is corked and the rub¬ 
ber is allowed to soak up the chloroform. Any liquid not absorbed by the 
rubber within twenty minutes should be poured off, after which a disc of 
cork or cardboard should be snugly fitted to hold the rubber in place. Such 
a disc will retain its position more satisfactorily if a layer of cotton is first 
employed to give an even surface. The rubber will give off chloroform vapor 
slowly over a period of weeks or even months. 

Whichever type of killing tube is employed, it is a good plan to place in 
the tube a few strips of wrinkled lens paper or toilet tissue. These will serve, 
first, to entangle the newly captured insect and thus reduce the likelihood of 
its escape while the cork is being inserted. Its second, and more important, 
function is to prevent specimens from matting together in the bottom of the 
lube. Antennae, legs, and bristles may become detached and wings may be 
spoiled for study if such a precaution is not taken. Even so, no very great 
number of specimens should be allowed to accumulate in a killing tube, 
especially if they are to be studied with a view to identification of species. 

The collector should carry with him in the field a number of small pillboxes, 
salve boxes, or similar containers to which the specimens may be transferred. 
Each of these should be made ready before setting out, by placing therein 
shredded tissue paper or tissue discs for the reception of the specimens. The 
use of discs has one advantage in that specimens from a given collecting sta¬ 
tion or locality may be arranged between two adjacent sheets while those 
taken at another point occupy the next tier, and so on. In no case should the 
number in one tier be so great as to result in matting together. 

For taking more than a few specimens from any particular location, the 
trap should be substituted for the net. Flytraps, described and discussed in 
Chapter XVII, are exceedingly useful in obtaining a generous sample of pre- 
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vailing forms and in indicating the relative abundance of the species con¬ 
cerned. Type of trap, choice of bait, location, and method of mounting will 
vary with climatic conditions and with the habits of the species desired. When 
specimens are to be saved for laboratory study, more frequent tending of 
the trap is necessary than when the object is merely the destruction of the 
flies. In the latter case, the pouring of boiling water upon the trap is a com¬ 
mon practice, but when museum specimens are sought, killing with pyrethrum 
spray is probably the best procedure. The flies are then spread upon a white 
cloth, paper, or tray, and the undamaged individuals are selected for trans¬ 
portation to the laboratory. 

Subsequent treatment will depend upon the purpose to be served. For im¬ 
mediate dissection, no preservation is required. For subsequent dissection or 
histological study, preservation in a suitable liquid medium is essential. Tradi¬ 
tional preservatives arc (1) 70 per cent alcohol and (2) dilute solutions of 
formaldehyde (2 to .10 per cent). Mixtures of the two are sometimes used, 
as alcohol alone tends to harden the tissues to an undesirable degree. Formalde¬ 
hyde also accomplishes better fixation of cells and tissues for microscopic 
study than does alcohol. A small amount of glycerine may be added to the 
preservative for further insurance against excessive hardening. 

PINNED SPECIMENS 

The majority of adult specimens will, of course, be pinned and preserved 
as dry mounts in museum cases. Houseflies and related forms are of con¬ 
venient size for direct pinning without the use of points, minuten, or other 
special supports. A number 2 or, for large Calliphoridae, a number 3 pin 
is most satisfactory. Finer pins tend to bend when transferring specimens. 
Coarser ones mutilate the specimens and may obscure important taxonomic 
characters. Pinning within a few hours after collection is most desirable, as 
the specimen is still flexible and there is little danger of losing legs or an¬ 
tennae through necessary manipulation. The author has found it convenient 
to spread newly collected specimens on a white paper background. Many 
will fall naturally with the lateral surface uppermost. Those which fall on 
their backs may be turned by means of forceps or dissecting needles. The 
point of the pin is then brought to the dorsal surface of the thorax, while 
the specimen is prevented from sliding away by gentle blocking with forceps 
or finger tip. The pin should be inserted just posterior to the transverse suture 
and preferably a little to the right (some prefer left) of the median dorsal line. 
The avoidance of the absolute center is to leave unobscured any bristle, pig- 



LABORATORY TECHNIQUES 387 

meat spot, or other character which may be located in that area. Destruction 
of similar characters on one side is not so serious, as their counterparts on 
the opposite side are left entire. 

When the pin has penetrated the cuticula, the specimen may be lifted and 
the process completed by thrusting the pin through the thorax while the in¬ 
sect is loosely cradled between the thumb and finger of the opposite hand. 





Figure 12 7. Standard laboratory equipment. Left to right: Labels; scissors; pin block; 
storage tin; step block; cork supports for minuten; corks on No. 2 pins; package of 
minuten; forceps; Schmitt box; use of pinning forceps. (Courtesy of Ward’s Natural 
Science Establishment.) 

Care should be taken that the pin runs vertically through the thorax, at right 
angles to the long axis of the body. This makes an attractive mount, sym¬ 
metrically disposed. The pin should he pushed through until approximately 
eight millimeters remain between the pin head and the dorsum of the in¬ 
sect. Attention to this insures pleasing uniformity throughout the collection. 
With the insect at this level, ample room exists for the attachment of neces¬ 
sary labels below the body of the fly. Before the specimen hardens, atten¬ 
tion should be given to the position of the wings, legs, antennae, and proboscis. 
These may be manipulated by use of pins or dissecting needles and should be 
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so arranged as to produce a pleasing, symmetrical effect and at the same time 
display important taxonomic characters. Pollen, dust, and other extraneous 
matter may be removed at the same time, preferably by means of a camel’s- 
hair brush. These procedures are best carried out under low power of the 
binocular microscope, with the pinned specimen supported by an L cork 
or similar device. Specimens thus prepared may be arranged on a “tack” 
board of cork, balsa, or celotex, to await further attention. 

LABELING THE SPECIMENS 

Labels are exceedingly important. It is a frequent comment about museums 
and laboratories that specimens which bear no labels are scientifically worth¬ 
less. Locality and date of collection should be shown on a small label below 
the specimen. The greater dimension should parallel the long axis of the in¬ 
sect. This is to conserve space in the museum box. All labels throughout the 
collection should be so arranged as to be read from the same side. The writer 
prefers the left. Labels may be written by hand with India ink and a crow 
quill pen, but it is difficult to achieve legibility unless the label is unduly 
large. The labor involved is also enormous where large numbers of speci¬ 
mens are concerned. Printed labels are, therefore, always preferable and 
should be procured whenever extensive collections are intended. Some print¬ 
ing establishments have type sufficiently small to make direct printing a prac¬ 
tical procedure. The author has found it more satisfactory, however, to make 
a master copy, using a typewriter equipped with, a new black ribbon. The 
sheet may consist of a number of columns, each of which deals with a differ¬ 
ent locality. Only when an expedition has completed its work and no more 
collecting is contemplated is it practical to include dates. In preparing labels 
for future use, a space should be left for insertion of the date in ink. 

The master sheet, prepared as described above, may then be photographed 
and a zinc cut prepared on a reduced scale. The amount of reduction will 
vary with the need, but the finished label, when closely trimmed, should or¬ 
dinarily not exceed % inch in length or % inch in width. Long names, or 
statements identifying unusual localities, will sometimes require more space. 
A heavy grade of bond paper is usually adequate for printing. Thinner ma¬ 
terial curls and discolors in a short time, while a heavier card is difficult to 
penetrate with the pin. In using a sheet of labels, the technician usually fills 
in all dates, then cuts the labels with scissors or a trimming board. There 
are many practices in abbreviating dates. The writer prefers the use of Roman 
characters for the month, regardless of position. Either 12-X-49 or X-12-49 
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can be used to represent the twelfth of October, 1949, whereas 12-10-49 might 
be interpreted as either October twelfth or December tenth. 

Below the locality label may be arranged others giving additional data. 
Collector’s labels are not often used, but when employed may be placed as 
shown in Figure 128. The use of the lot label has come into very general 
practice in many institutions and provides a clue to information available 
in folders, files, or notes. For example, if one encounters a specimen hearing 



Figure jz8. Step block. Labels may be fixed at definite levels 
by use of holes drilled in the three steps. 


that Lot 3 includes all insects collected in the vicinity of Calcutta, India, in 
connection with the experimental trapping of filth-feeding flies, by a certain 
investigator between the dates of July fifteenth and August first. The desig¬ 
nation Sub 4 will perhaps refer to flies of the genus Musca, the identification 
of which has been vouched for by a certain well-known authority on the 
group. More than one lot label may be attached to a specimen, if occasion 
warrants. The height of the labels may be regulated by use of a step block 
(Fig. 128). All labels in the collection can thus be made uniform for height. 

PRESERVATION AND STORAGE 

Since chitin undergoes no degeneration under ordinary atmospheric con¬ 
ditions, pinned specimens will remain intact for many years if carefully 
handled and protected from shocks or sudden jars. They do, however, be- 
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come more and more brittle, and if exposed to light may eventually lose their 
distinctive coloration. In spite of great care, feet or antennae of dried speci¬ 
mens will occasionally be broken off. It is entirely feasible to restore such parts 



Figure 1 29. Types of insect boxes. Upper: Student-type box, of cardboard. 
Cover may be solid, or of glass, as shown. This type of box is not pestproof. 
Lower: Cornell-type drawer, with removable glass lid, so fitted that box is 
practically pestproof. (Courtesy of Ward’s Natural Science Establishment.) 

to their proper position, using either white shellac or the insect paste sold by 
biological supply houses. The technician should be absolutely sure, however, 
that the structure belongs to the specimen in question, as great confusion has 
arisen when parts of two species have been accidentally associated by well- 
intentioned but ignorant or thoughtless persons. Classification of such tech¬ 
nical monstrosities is, of course, impossible. 
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Protection against pests of various sorts often constitutes a serious problem. 
Specimens left uncovered are sometimes completely destroyed by ants or 
mice in a single night. Even well-housed collections suffer from the attacks of 
clothes moths, larder beetles, and buffalo bugs, and constant vigilance must 
be exercised if a collection is to be kept intact. The type of box employed to 
contain the pinned specimens should be one as nearly pestproof as can be 
provided with the funds available. All-cardboard boxes should be used only 
temporarily, as they are in no sense pestproof. They are sometimes useful in 



Figure iyj. Museum cabinets for housing pinned specimens. Left: Unit for housing 
full-width Cornell-type drawers, with glass tops. Right: Two-column unit for housing 
conventional Schmitt boxes, with wooden lids. Carefully fitted doors render these 
cabinets as nearly pestproof as possible. (Courtesy of Ward’s Natural Science Establish¬ 
ment.) 

the field, however, as they are light in weight and are inexpensive. Wooden- 
frame boxes with cardboard top and bottom are considerably better, but only 
the all-wood types can be relied upon to protect the specimens over an ex¬ 
tended period of time. Most generally used is the Schmitt-type- insect box, 
with an inside collar about which the top fits closely when the box is closed. 
The collar may be slightly rounded to insure against an abrupt inrush of air 
when the box is opened. Fragile specimens are sometimes damaged by the 
suction. 

Regardless of the type of box employed, the bottom must be lined with 
some substance suitable for the reception of the pins. Sheet cork is very de¬ 
sirable but is difficult to obtain. Composition cork is a desirable substitute, 
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provided the cement which holds the particles together is not of such a nature 
as to corrode the pins (Klots, 1932). Celotex, peat, and soft grades of balsa 
wood have also been used. Manufacturers usually give the interior an at¬ 
tractive appearance by gluing white glazed paper upon bottom, sides, and lid. 

Museums and institutions commonly employ a cabinet-drawer type of box 
with a removable glass lid. These are slid upon racks which may, if desired, 
be contained in cabinets with tight-fitting doors. The bottoms of the drawers 
can be of material suitable for holding pins, or the specimens may be pinned 
into small cardboard boxes which are then arranged within the drawer in 
rows. The exposed side of the drawer should bear a label indicating the con¬ 
tents. 

For teaching and demonstration purposes the Riker mount will sometimes 
be found practical. Such a mount consists of a shallow cardboard box filled 
with cotton, on which the specimen is placed. A series of specimens of a single 
species may be placed side by side, some in dorsal view, some in the lateral 
position, some with the ventral structures exposed. The lid, which is of glass, 
is then placed in position and the margin is sealed, passe-partout fashion, 
with gummed tape. No pins are used in preparing the specimens. 

When it is anticipated that the specimens will be carefully scrutinized with 
a view to determining genus and species, it is a good practice to expose the 
male genitalia so that these structures may be taken into account by the tax¬ 
onomist. A simple technique has been described by Aldrich (1916), who was 
especially interested in the Sarcophagidae. It is, however, applicable to any 
muscoidean type. The fresh specimen is held between the thumb and finger 
and examined under the low power of a binocular dissecting microscope. With 
a dissecting needle, the extreme tip of which has been bent at right angles, 
the forceps of the genitalia are drawn backward as far as they will go with¬ 
out tearing the tissues. This operation should be repeated a few times to stretch 
the muscles and ligaments so that retraction no longer tends to occur. The 
pinned fly is then arranged upon an L cork in such a fashion that its side is in 
contact with one surface. A second pin is used to hold the genitalia in the ex¬ 
tended position, and the specimen is allowed to dry for two or three days. 

Old pinned specimens which have been in a collection for some time can 
be prepared for study of the genitalia by placing in a relaxing jar for twenty- 
four hours or longer, after which the parts may be withdrawn as described 
above. The preparation of relaxing chambers is discussed on page 394. 

Repellents, to discourage insect pests, should be placed in all boxes con¬ 
taining specimens. Naphtha (or camphor) may be placed in a small card¬ 
board box with a cover of fine mesh wire. The box is then securely pinned in 
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one corner. Through the wire pass the fumes but not the crystals or powder, 
which might damage the specimens. If the repellent is replaced as soon as it 
is exhausted, usually no infestation will occur. Once pests have become estab¬ 
lished, however, repellents are not sufficient. A small amount of dark saw¬ 
dust beneath a pinned specimen is usually indicative of pest activity. It will 
then be necessary to fumigate. Carbon disulphide, carbon tetrachloride, and 
paradichlorobenzene have all been used extensively for this purpose. Carbon 




Figure iji. Left. Use of “L” block. Made of cork or balsa wood, this type 
of support permits the specimen to be arranged in any desired position for 
examination under the binocular microscope. 

Figure /ja. Right. Relaxing jar. Moist sand creates sufficient humidity to 
render specimens pliable in about twenty-four hours. 

disulphide is probably the least desirable, being inflammable, rather malodor¬ 
ous, and somewhat poisonous to man. It may also corrode certain types of pins 
and has been known to stain both box and specimens. Carbon tetrachloride, 
though also a liquid, lacks most of these undesirable features. A teaspoonful 
may be poured upon the bottom of the box and left to evaporate. Paradichloro- 
benzene is probably most convenient to use in that it is available as small 
white crystals which may be placed in an open container in one corner of 
the box. Whatever type of fumigant is used, the box cover should then be 
tightly closed to permit the insecticide to do its work. Any evidence of in¬ 
festation should be removed, so that on subsequent inspection the debris will 
not be interpreted as indicative of a fresh invasion. 
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RELAXING DRIED SPECIMENS 

When specimens reach the laboratory in a dried condition it is futile 
to attempt to pin them, as loss of legs and other parts is sure to occur. They 
should be placed in a relaxing chamber for perhaps twenty-four hours to make 
the parts once more flexible. A small chamber for relaxing a very few speci¬ 
mens may be contrived by placing a lump of moist cotton inside a Petri dish. 
The specimens will be easier to see and, therefore, easier to handle if a disc of 
filter paper is first placed in the bottom. A more permanent type of relaxing 
chamber adapted for handling a considerable number of specimens may be 
made by placing at least an inch of sand in the bottom of a stone crock, battery 
jar, or large culture dish. Sufficient water is then added to render the sand 
distinctly moist throughout, and a few drops of phenol are sprinkled about 
to prevent the growth of molds. Two or three layers of paper toweling may 
then be placed on the sand. The insects are laid on this, and the vessel is 
closed with a tight-fitting lid. A twenty-four-hour period is usually sufficient 
for complete relaxation. It is rarely advisable to leave specimens in the chamber 
longer than two days in any case, as extended exposure to the moist air causes 
a secondary stiffening of the parts. 

DISSECTION OF FRESH ADULTS 

For various reasons, one may wish Lo dissect the adult fly. A demonstration 
of the alimentary canal, including the crop, has. great teaching value for 
students of medical entomology. The age and breeding condition of captured 
females may be interpreted from the condition of the reproductive organs. 
It is sometimes desirable to isolate a definite portion of the food canal with 
a view to making a bacterial culture from the contents. For such work, the 
binocular dissection microscope is indispensable. The writer prefers to use 
two dissecting needles, one of which has a spear-shaped head. Such a needle 
may be used as a miniature scalpel to cut through tissue while adjacent struc¬ 
tures are held fast by a needle of the ordinary type. Some investigators prefer 
to have each needle ground to resemble one blade of a pair of scissors. By 
approximating the two flat surfaces, a shearing action is achieved. Only needles 
of high-grade surgical steel will retain a cutting edge sufficiently keen for this 
purpose. 

Excellent miniature dissecting needles may be contrived by utilizing either 
the snipped-off tips of number oo insect pins or standard “minuten nadeln,” 
ground to a point. By use of pinning forceps, either can be pressed into the 
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end of a throat-swab applicator, which thereafter serves as a handle. Unde¬ 
sirable movement in the manipulation of such light equipment, due to tremors 
of the fingers, may be overcome by placing a lump of plastic clay on either 
side of the object to be dissected. By allowing the side of the applicator to rest 
on this, a stable fulcrum is provided and tremors are largely eliminated. The 
point of contact should be considerably closer to the needle than to the hand 
of the operator, so that rather free manipulation of the base results in but 
limited movement at the tip. 



figure ijj. Widefidd binocular microscope. A good binocular is indispensable for 
taxonomic work. It is also invaluable in dissection. (Courtesy of Bausch and Lomb 
Optical Co.) 

Figure j 44. An effective illuminator. Adequate illumination for the microscopic study 
of opaque specimens is of great importance. Adjustable support insures control of direc¬ 
tion. This model is connected with a rheostat. (Courtesy of Bausch and Lomb Optical Co.) 

Dissection may be carried out on the microscope stage, on a plain glass slide, 
in the well of a hollow-ground slide, or in a watch glass. The hollow-ground 
slide is probably to be preferred. A very good plan is first to pour a small 
quantity of melted paraffin into the bottom of the depression. Just before the 
paraffin solidifies, the specimen is gently pressed against it by means of for¬ 
ceps. The insect is thus retained in the desired position, releasing both hands 
of the technician for actual dissection. 

IMMATURE STAGES 

The collection of eggs, larvae, or pupae, either for demonstration purposes 
or for subsequent study, involves a somewhat different procedure. If no his- 
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tological work is contemplated, these stages may be merely dropped into 70 
per cent alcohol. This both kills and preserves the specimen, which may be 
kept in the same medium indefinitely. 

Specimens preserved in alcohol are usually stored in homeopathic vials 
of two-, four-, or six-dram capacity. These may be fitted with screw tops, but 
ordinary corks are usually quite satisfactory and are less expensive. With an 
“active” collection, inspection is usually frequent enough to provide for re¬ 
placement of evaporated alcohol before the specimens become dry, but if a 
collection is to be stored without attention for a considerable time, the corks 
should be sealed in place with paraffin. Valuable material may thereby be 
protected against desiccation. Delicate specimens, once dried out, are usually 
valueless, but if not too wrinkled, they may sometimes be restored by soaking 
in water for a number of hours. After they have regained their normal appear¬ 
ance, the specimens are again transferred to alcohol. 

The classification of material preserved in alcohol is best accomplished by 
pouring the contents of the vial into a watch glass. If preferred, a single speci¬ 
men may be placed, with forceps, upon a hollow-ground slide. A binocular 
dissection microscope should be used. To avoid glare, partial drying of larvae 
and puparia may be permitted, but such specimens should not be left exposed 
to air too long, lest wrinkling occur. 

STORAGE AND ARRANGEMENT OF SPECIMENS 
PRESERVED IN ALCOHOL 

If the collection is a small one, the vials may be stored in small boxes or 
trays, the unoccupied portion being blocked in some way to prevent the 
bottles from falling over. The upright position of the vial is important, as 
otherwise the preservative may leak out or the specimens may become dis¬ 
colored by disintegration of the cork. 

A collection of substantial size, is best housed by providing a cupboard in 
which removable vertical frames of strong wire netting are fitted into slots 
above and below. The slots are usually made % inch wide and K inch deep. 
The frames consist of squares of wire netting of approximately ■'/-inch mesh, 
with the edges bound by a strip of sheet metal folded lengthwise to cover the 
raw edge. Each vial is suspended by a hook of copper wire, previously wrapped 
around the neck of the vial itself. A large number of vials may be very quickly 
fitted with these hooks. A spool of flexible wire and a pair of cutter pliers are 
all that are needed. If the vertical frames are placed 1 % inches apart, there will 
be ample room for the specimens. Vials may be arranged in any convenient 
order. For example, all representatives of a given family may be attached to 
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one frame with the genera in separate rows. Group labels may be written 
or typed on strips of paper or light cardboard and woven into the meshes of 
the frame. The system lends itself to unlimited expansion and to ready in¬ 
terpolation of new material. 

Labels stating locality and date of collection, name of collector, and other 
pertinent information should be written in pencil on small strips of paper and 



Figure /j5. Left. Housing of alcoholic specimens. Vials are hooked, by wire, upon 
vertical wire-cloth frames, which slide into grooves of wooden cupboard. Right. Face 
view of frame, on larger scale, with label woven into mesh of screen. 


placed in the vial, with the specimen, at the moment of collection. There will 
then be no danger of confusing the data when the specimens are taken to the 
laboratory. Pencil is preferred for two reasons: (1) it is always available under 
field conditions; (2) it will not run or fade out in alcohol, no matter how long 
the specimens are kept. Subsequent study will usually require duplication of 
the data, as specimens are divided into smaller lots. Genus and species labels 
must also be added when identification has been confirmed. India ink may be 
used for this purpose if it is allowed to become thoroughly dry before im¬ 
mersion in the alcohol. Gummed labels stuck to the outside of. the vial are not 
very satisfactory. In the course of time they usually loosen and fall off, leaving 
the specimen without identification. They also obscure the contents of the vial, 
so that casual examination becomes difficult or impossible without removing 
the specimens. 
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WHOLE MOUNTS OF IMMATURE STAGES 

Eggs and very small larvae, which require higher magnification for satis¬ 
factory study, should be mounted on slides. In anticipation of this, it is best 
to kill the specimens by dropping them into hot water, followed by a few hours 
in 50 per cent alcohol. Transference to 70 per cent alcohol, then 80 to 85 per 
cent, is recommended procedure. The gradual increase in concentration of 
preservative reduces the likelihood of shrinkage and distortion. When ready 
to proceed with mounting, the technician transfers the specimens to 95 per cent 
alcohol. This usually accomplishes sufficient dehydration to permit mounting 
without treatment with absolute alcohol, but if absolute is available, its use 
will insure best results. One or more changes of 95 per cent alcohol may be 
employed. The usual procedure is to transfer the specimen from 95 per cent 
(or absolute) alcohol to xylene for clearing. The cleared specimen is then 
mounted in balsam, between a slide and cover glass. Direct mounting in 
Euparal from higher alcohols is also a common practice. The preparations 
become more clear with age. 

Third-stage larvae, being thick-bodied, do not usually make neat balsam 
mounts. The preparation is often too opaque to permit observation of details, 
and the cover glass rides so high that there is not sufficient working distance 
for the high-power objective. If mounts are desired, however, these difficulties 
may be overcome by first soaking the specimen for a time in to per cent caustic 
potash to reduce opacity, then slitting along the side to permit squeezing out 
of the dissolved internal tissue. The larva should then be gently but thoroughly 
washed to remove residual alkali. Dehydration by immersion in alcohols of 
increasing concentration is followed by clearing and mounting in the usual 
manner. The cover glass should be supported by three or four fragments of 
glass, peripherally arranged. This will prevent distortion of the specimen as 
the balsam dries. 

To insure a direct view of the posterior spiracles, which are much used in 
classification, it is a good plan to slice off the posterior area with a razor blade 
or very sharp scalpel while the specimen is still fresh. This unit is mounted 
near the body portion, which is disposed either for lateral or dorsoventral 
observation. Some workers prefer to discard the middle portion of the larva, 
retaining only the posterior spiracles and the anterior segments. Practically all 
items of taxonomic interest, including the mouth hooks, pharyngeal appa¬ 
ratus, and anterior spiracles, are thus preserved, while a bulky mount is 
avoided. 

The caustic potash technique described above is well adapted for the oc- 
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casional mounting of adult structures, such as antennae, feet, or male genitalia. 
If soaking in 10 per cent potassium hydroxide does not reduce the opacity of 
the chitin, gentle boiling will bring about the desired effect. Some workers 
recommend immersion in 50 per cent nitric acid to reduce the opacity of 
chitin. Frequent inspection is required to prevent the solution of the chitin 
from proceeding to an undesirable extreme. 

DRY MOUNTS OF WINGS 

The mounting of wings deserves special comment. Since the index of re¬ 
fraction of the veins of insect wings is very nearly the same as that of balsam 
(and of glass), the mounting of wings in Euparal or balsam is not usually 
recommended. The more delicate and more transparent veins become almost 





Figure 136. Making dry mounts of wings. 1: Cutting diamond-shaped area from 
gummed label. 2: Cut label, unfolded. 3: Cover glass. 4: Wing to be mounted. 5: Glass 
slide. 6: Identification label, 7: Mount, complete. 
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invisible. The writer prefers a dry mount, as shown in Figure-^b. The cover 
glass is held in place by a slide label, the center of which has been cut out 
with scissors. In such a mount, the veins stand out sharply. In most species, the 
veins have sufficient natural transparency to permit illumination from below. 

Housefly pupae are too bulky to be mounted entire. In certain families of 
flies, however, where species run smaller, the pupae have been studied in this 
way. Thus De Meijere (1925) prepared both larvae and pupae of Agromyzidae 
by killing in hot water or alcohol and clearing in strong carbolic acid. He 
mounted them in Venetian turpentine, either from alcohol or carbolic acid. 
Pupae that had become too dark were bleached in Diaphanol for several hours 
before being transferred to the slide for mounting. 

TRANSPARENT PLASTIC MOUNTS 

The preservation of prehistoric insects in fossil resin, which we now call 
amber, may be paralleled today by the use of clear, transparent plastics, several 
types of which are on the market for laboratory use. Best known is a substance 
sold under the trade name of Castolite, a clear, transparent liquid which 
pours without heating and sets at low temperatures when mixed with a 
hardener. Supply houses usually offer for sale a kit containing a measuring 
pipette, glass mold, sandpapers, and buffing compound, together with the 
plastic, hardener, and printed directions for use. When finished, the casting is 
as clear as pure glass and the fly or other specimen embedded within may be 
viewed from any angle. 

The smoother the mold, the less buffing and sanding will be necessary to 
give the cast a satisfactory surface. Care should be taken to see that dirt, dust 
particles, and water have no contact with the equipment, as any contamina¬ 
tion of the plastic is likely to show up as a flaw in the finished work. Plexi¬ 
glass, Bioplastic, and Lucite (ethyl or methyl methacrylate) are other 
commercial plastics of equivalent properties. Kampmeier and Haviland (1948) 
have been particularly successful in adapting plastic techniques to the preserva¬ 
tion and display of bulky anatomical specimens. 

HISTOLOGICAL TECHNIQUES 

When the investigator plans a microscopic study of tissues and cells, or¬ 
dinary methods of preservation are rarely adequate. A fixing agent must be 
used. The purpose of fixation is to preserve all the elements of tissue struc¬ 
ture as nearly as possible as in the living animal. This is accomplished by 
either rendering the chemical constituents insoluble or substituting for them 
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in such a way that the structural relations are preserved with the least possible 
degree of distortion. No fixing agent is equally satisfactory for all types of 
cells or for all portions of a single cell. The choice of fixative will, therefore, 
depend in part on the results desired. Besides alcohol and formaldehyde, which 
have but limited value when used alone, Kingsbury and Johannsen (1935) 
list the following general fixatives as most satisfactory: osmic acid, platinic 
chloride, picric acid, acetic acid, chromic acid, mercuric chloride, potassium 
dichromate, copper dichromate, and nitric acid. 

Practially all fixing solutions used in histological laboratories are mixtures 
of two or more of these chemicals, the particular combination being known 
usually by the name of the worker who first employed the formula. We thus 
have Zenker’s dichromate, sublimate-acetic preparation, Bensley’s osmo-acetic- 
dichromate, Orth’s jormol-dichromate, von Rath’s picro-aceto-sublimate, 
Fleming’s chromo-aceto-osm'ic fixative, and a number of others. In such 
preparations, the different substances supplement each other and tend to 
counteract one another’s defects. For any particular species or tissue, a certain 
amount of experimentation is usually necessary. 

Entomological specimens, being small, are usually put into the fixative 
entire. They may be dropped alive into the preparation, which thus both kills 
and fixes, or the technician may prefer first to kill in hot water, then transfer 
to the chosen fixative. 

Using four-day-old larvae of Musca domesttca, Kramer (1948) succeeded 
in perfecting a technique for obtaining satisfactory differentiation of insect 
muscle in toto. The steps are as follows: 

r. Drop living larvae into Bouin’s fluid 1 at 30°C and allow them to re¬ 
main for 8 to 10 hours. The Bouin’s solution should be prepared with formalin 
which has been neutralized with magnesium sulphate. The larvae live from 
2 to 4 hours, which favors penetration of body tissues by the fixing agent. 

2. Transfer specimens to 50 per cent ethyl alcohol for ten minutes. 

3. Transfer to 70 per cent ethyl alcohol for 1 hour. 

4. Place in 95 per cent ethyl alcohol for ten minutes. 

5. Transfer to 0.5 per cent eosin solution in 95 per cent alcohol and allow 
to remain for 6 to 8 hours. 

6. Return to 95 per cent alcohol and mix in 4 to 6 drops of oil of winter- 
green every hour for 4 to 5 days. Shriveling will result if the oil is added too 
rapidly. The dish should be kept covered to avoid evaporation. 

7. Allow alcohol to evaporate and transfer larvae to oil of wintergreen. 

1 Picro-acero-formol, consisting of picric acid, saturated aqueous solution, 77 cc.; 
formalin, 25 cc.; glacial acetic acid, 4 cc, 
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Under artificial illumination the larvae appear yellow-green in color. The 
muscles and their attachments are easily observed through the transparent 
cuticle. They are also easily differentiated from the fat bodies and other 
internal structures, a difficult matter under previous techniques. 

In the technique described above, it will be noted that the three important 
steps, dehydration, clearing, and mounting, are carried out in the order 
named, as with specimens where no differentiation of internal tissue is at¬ 
tempted. The additional procedure, however, staining in eosin, is of par¬ 
ticular significance. The point at which staining is carried out will depend 
upon the nature of the solvent in which the stain is carried. In this case, since 
the carrier is 95 per cent alcohol, the larvae are first passed through increasing 
concentrations of alcohol until that level is obtained. No shriveling, swelling, 
or other distortion occurs, therefore, while the stain is being applied, and a 
uniform penetration is assured. If the stain had been in aqueous solution, it 
would have been necessary to transfer from fixative to one or more changes 
of water to secure equivalent results. After being stained in aqueous solution, 
the specimen must then be passed through 50, 70, and 95 per cent alcohol to 
remove the water. In passing a specimen from one reagent to another, it is 
wise to press the tip of the forceps (and the specimen) against a bit of folded 
gauze before immersion in a succeeding fluid. The contact dries the specimen 
and thus guards the new reagent against significant contamination by the 
first. 

PREPARATION OF SPECIMENS FOR' SECTIONING ~ 

Only rarely are histological relationships observable in whole-mount prepa¬ 
rations. For discriminating studies, the use of the microtome is essential. For 
insect specimens, freehand sectioning without embedding is usually imprac¬ 
tical; even if attempted, it amounts to little more than a modified gross dis¬ 
section. On the other hand, if one takes the lime and trouble to embed the 
specimen (or a part of it) properly, he may as well employ machine sec¬ 
tioning, as thinner and more uniform sections will thereby be secured than 
can possibly be produced by hand. 

As with vertebrate tissue, four methods of embedding are available: (1) 

2 The pages that follow are not intended as a substitute for standard works on histologi¬ 
cal technique. The object is rather to call attention to procedures which experience has 
shown most useful in studying the tissues of insects, and particularly the muscoid Diptera. 
For additional details, for alternate techniques, and for many precautionary and correc¬ 
tive procedures, the user should consult the well-known volumes by Gage, Guyer, Lee, 
Mayer, Wright, McClung, Conn, Kingsbury and Johannsen, and various others. 
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the celloidin method, (2) the paraffin method, (3) the celloidin-paraffin 
method, and (4) the freezing method. All are similar in that the tissue spaces 
are completely filled by a substance which imparts uniform consistency and a 
certain amount of support. In frozen sections, ice substitutes for the paraffin 
or collodion. 


The Celloidin Method 

The embedding material is collodion, a solution of pyroxylin (nitrocellulose) 
in ether and alcohol. Tissues, however preserved, must first be dehydrated by 
immersion in alcohols of increasing concentration. Several changes of 95 per 
cent are desirable, and the last change should be to absolute alcohol, if it is 
obtainable. Several days in alcohols of higher concentration will do no harm, 
and ensure a more complete dehydration. The specimen is then transferred 
to a solution consisting of equal parts of pure ether and absolute alcohol, 
where it is allowed to remain from 12 to 24 hours. At the end of this time, the 
ether-alcohol is poured off and replaced with a 2 per cent solution of celloidin 
in the same solvent. A day or more is usually allowed for penetration, after 
which the thin solution is poured off and a 5 or 6 per cent solution of celloidin 
in ether-alcohol is used to replace it. The specimens should be allowed to 
remain in this medium for several days. Evaporation will usually increase 
the concentration to perhaps 12 per cent. A further change to 12 per cent 
celloidin is desirable in any case. 

The most: satisfactory method of embedding is by use of a small paper box.'' 1 
A good quality of writing paper is first rubbed with vaseline, after which the 
excess is removed with lens paper or a bit of cloth. The paper is next folded 
to form the box, the greased surface being on the inside. This is to prevent 
the celloidin from adhering to the paper. The specimen is then placed in the 
box, its position adjusted wiih a view to future sectioning, and the 12 per cent 
celloidin added drop by drop, until the specimen is deeply covered and the 
box is practically filled. The celloidin may be rendered solid by placing the 
mass under a bell jar and permitting evaporation to take place. Initial harden¬ 
ing is usually achieved by pouring a little chloroform into the jar. After a 
brief exposure to the vapor, the celloidin is transferred to a container of 
chloroform for a period lasting from 6 to 24 hours. This removes all ether- 
alcohol and completes the hardening process. 

Depending on the purpose to be served, the block is stored either in 67 
to 82 per cent alcohol or in “clarifier,” composed of three parts of xylene to 


8 See figure 137 for detail of this procedure. 





Figure 1 57. Preparing paper trays for paraffin blocks. Upper: Method of 
folding. Lower: Finished tray. (Adapted from Kingsbury and Johannsen, 
Histological Technique; courtesy of John Wiley & Sons, Inc.) 


one of castor oil. The purpose of the clarifier is to render the preparation quite 
transparent, thus facilitating better orientation of the tissue for sectioning. In 
either case, when one is ready to cut the sections, the paper box is removed, 
the blocks are trimmed to resemble a four-sided, truncate pyramid, and the 
base is attached to the holding mechanism of the microtome. This is best 
accomplished by drying the base of the pyramid with a cloth, after which a 
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small quantity of 6 per cent celloidin is poured upon the surface of the holder, 
which may be of either wood or metal. Firm pressure of the celloidin block 
against the holder will result, in a few minutes, in a rigid mount. The holder 
may now be clamped in place and sectioning may be started. 

With a first-class knife and under favorable conditions, sections can be cut 
as thin as 6 microns. With celloidin, however, most technicians do not under¬ 
take sections less than io microns in thickness. The celloidin block should be 
so oriented that the greater mass is opposite the side which first contacts the 
cutting edge. For celloidin sectioning, the knife is set at an angle of approxi¬ 
mately 78 degrees, so that a drawing stroke can be achieved. The knife should 
next be flooded with either alcohol or clarifier, whichever was used earlier. 
The tissue block is flooded in a similar manner. A slow, steady motion of the 
knife is most effective. 

The above procedure is known as “wet sectioning.” A dry method of sec¬ 
tioning celloidin blocks is sometimes followed by substituting thin cedar oil 
for castor-xylene as a clarifier. Immersion in a mixture of chloroform and 
cedar oil is followed by final clarification in oil alone. The cedar oil does not 
dissolve the celloidin, and the blocks, when cleared, may be stored dry in 
stoppered bottles. 

The Paraffin Method 

The tissue must first be thoroughly dehydrated by immersion in strong 
alcohol. If, after fixing, it has been stored in 80 to 95 per cent alcohol, a change 
or two of 95 per cent is sometimes sufficient, but final dehydration by use of 
absolute alcohol is always preferable. Several days should be allowed for 
passage through the alcohols. 

Dehydration is followed by immersion in a clearing agent for from 2 to 24 
hours. In common use are xylene, carbol-xylene, benzene, toluene, cedar oil, 
and chloroform. A complete list would include many others. Whatever clear¬ 
ing agent is used, it must be miscible with alcohol and must also be capable 
of dissolving paraffin, with which the tissue must next be infiltrated. The steps 
will differ according to the clearing agent used. For xylene, it is best to trans¬ 
fer the specimen first from absolute alcohol to a mixture composed of equal 
parts of xylene and absolute alcohol. The tissue is then placed in pure xylene, 
where it should remain until clear. The first step in infiltration consists of 
transfer to a mixture of equal parts of xylene and paraffin. The melting point 
of the paraffin should be around 38°C. A temperature in this vicinity should 
be maintained for perhaps a two-day period, during which time the xylene 
will slowly evaporate. This step is followed by a change to pure liquid paraffin, 
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melting point 54 °C. There are many types of paraffin ovens on the market 
which maintain a suitable temperature. One change to fresh paraffin is usually 
desirable. In the case of very small objects, infiltration is usually complete 
within an hour, but a longer period does no harm. If one is working with an 
entire insect, such as an adult fly, the body wall should be slit or perforated 
to ensure more thorough penetration. 

For embedding, one should use a fresh lot of paraffin, the hardness of which 

n" 


1 



Figure ij8. Rotary microtome, with blade in place. Trimmed paraffin block 
is attached to metal holder for sectioning. (Courtesy of American Optical 
Coinpany.) 


will depend upon the probable temperature of the room in which the sec¬ 
tions will be cut. In summer, paraffin with a melting point as high as 6o°C 
(t 40°F) may be required. It is desirable that the last change during the in¬ 
filtration process be to paraffin of the same melting point as that selected 
for embedding. As when celloidin is used, the small paper box makes the most 
practical receptacle. Glass containers such as watch glasses may also be used 
by smearing the interior with a film of glycerine. Some workers prefer two 
L-shaped units of metal which may be so arranged on a metal plate as to form 
a mold of any desired size. In either case, one should use as small a container 
as will suffice to embed the specimen properly. This will ensure rapid cooling 
and thus reduce the likelihood of crystallization. When poured, the paraffin 
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should be several degrees above its melting point, but not so hot as to alter 
the condition of the tissue. Prompt cooling of the block is essential in order to 
ensure a homogeneous condition. This is best accomplished by floating the 
paper box on cold water until a substantial film forms on the surface of the 
paraffin. The block is then immersed. Under tropical conditions, where per¬ 
haps neither ice nor cold water may be available, floating on ether-alcohol in 



Figure 139. Microtome in operation. Paraffin sections are being removed as a con¬ 
tinuous ribbon. (Courtesy of American Optical Company.) 

a shallow dish will be found practical. Dropping 95 per cent alcohol on the 
newly formed film is also helpful. 

After cooling, the block can be stored indefinitely. In anticipation of sec¬ 
tioning, it should be roughly trimmed so that opposite sides are more or less 
parallel. If the specimen is large, the holder may be heated and the block 
melted on. With insect specimens, however, the block is almost always small, 
and a more careful procedure should be followed. The crudely trimmed block 
is first fused to the holder by use of a heated needle. When cool again, the 
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block is trimmed closely and carefully so that the upper and lower faces are 
absolutely parallel with one another. Mechanical trimmers are a great help 
in accomplishing this. The holder is then clamped in the microtome, with the 
upper and lower edges of the block parallel to the cutting edge of the knife, 
which is set horizontally. Most microtomes permit the use of either a standard 
heavy knife or a safety razor blade, held in a special clamp. The former is far 
superior where chitin is involved. The majority of microtomes in use today 
are of the rotary type. 

i For paraffin sectioning the knife should be dry and very sharp. It is usually 
possible to obtain thinner sections by this method than by the use of celloidin. 
A rapid stroke is used; if temperature conditions are suitable, successive sec¬ 
tions will adhere in the form of a continuous ribbon. Although a slight amount 
of distortion is usually unavoidable, the paraffin method is generally considered 
superior to the celloidin method for smaller specimens. If the sections roll, 
it is an indication that the paraffin is too hard or that the room temperature 
is too low. This may often be corrected by placing an electric light at an 
appropriate distance from the microtome. If the sections crush together, the 
room is probably too warm. Sections may be transferred directly to a clean 
slide or, more commonly, laid on trays to await separation and mounting. 
Various small tools will be found useful in handling the ribbons, such as 
needles, scalpel handles, camel’s-hair brush, or a small spatula. One should be 
careful in expelling the breath or in exposing the sections to drafts from doors, 
windows, ventilators, or electric fans, as they can be very easily scattered and 
perhaps rendered useless. If serial mounting is desired, it is of the utmost im¬ 
portance that the original relation be preserved. 

Paraffin-Celloid in Method 

The combined use of paraffin and celloidin will be found especially satis¬ 
factory in sectioning the bodies of adult flies, where the external chitin is much 
harder and more brittle than the softer tissues immediately beneath. It is also 
used in connection with embryological studies for sectioning ova, where the 
external chorion is so much more rigid than the yolky material within. 

Tissue should first be infiltrated with thin celloidin (2 per cent) in ether 
alcohol. This is followed by 5 per cent and finally by 8 per cent. A period of 
24 hours in each concentration is essential. The celloidin, with the specimen, is 
then poured into a watch glass and the latter is placed in chloroform vapor 
beneath a bell jar to hasten evaporation of the solvent. At the end of an hour 
and a half, the celloidin is usually firm enough to permit trimming into a 
small cuhe, which should be scarcely larger than the specimen itself. A number 
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of such cubes are next placed in a watch glass containing chips of 40°C paraffin 
plus an equal volume of chloroform. After 24 hours at 40°C, the celloidin 
blocks are transferred to 50°C paraffin, which is changed once or twice during 
the next hour. Final transfer to paper boxes or glass molds greased with 
glycerin is followed by covering with fresh paraffin. A few minutes in the 
oven, then quick cooling, completes the process. The paraffin block may be 
trimmed to any convenient size, but the celloidin should not be exposed, as 
ribboning of the sections would thereby be prevented. 

Tissuemat 

A special embedding compound sold by supply houses under the trade 
name of “tissuemat” has become popular with many workers. Chemically 
similar to paraffin, it is superior in certain physical characteristics. It is usually 
supplied as flakes or small cubes, facilitating rapid melting. There is little 
or no shrinkage of tissue during the embedding process, and distortion due 
to sectioning is rare. With proper handling, crumbling and cracking do not 
occur, and very thin sections may be obtained. It is especially useful where 
ribbon sections are desired. Tissuemat may be obtained with various melting 
points, ranging from 5o°C (i22°F) to 62°C (t43°F). 

Use of Dioxane 

Elimination of a number of steps necessary in conventional histological 
technique may be accomplished by the use of diethyl dioxide (dioxane), which 
serves both as a clearing agent and as a general solvent. Kitzmiller (1949) re¬ 
ported dioxane especially useful in insect microtechnique. He points out 
that dioxane is miscible not only with certain fixatives but also with water 
and with tissuemat. Kitzmiller worked chiefly with aphids, but the technique 
is adaptable for other forms. He recommends immersion in Bouin’s fixative 
for at least an hour. Storage in Bouin’s for several days will do no harm. 
Specimens are next transferred to dioxane for one hour, then changed to fresh 
dioxane for overnight. Infiltration with tissuemat for two to several hours 
is followed by embedding in tissuemat with a melting point of 56°-58°C 
(i32.8 0 -i36.4°F). Kitzmiller added calcium oxide to the stock bottle of diox¬ 
ane to reduce the water content. He also ensured dehydration of the tissues 
while in dioxane by making use of a desiccator in which calcium oxide was 
contained. 

The only disadvantage in the use of dioxane lies in the fact that it is rather 
toxic to man. However, if the room is kept well ventilated, and if all opera¬ 
tions are carried out under a closed hood, there should be no difficulty on this 
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score. The greatest argument for its use is that dehydration is accomplished 
without hardening of the exoskeleton, a disadvantage where alcohols and 
xylene are employed. 

Kitzmiller cautions against allowing the tissuemat to rise above 59°C 
(i38.2°F) during the embedding process, as this destroys the tissue. He prefers 
plaster of Paris molds for embedding, as recommended by Solberg (1939). 
These are made with sloping sides, an arrangement which results in auto¬ 
matic ejection of the cast when the tissuemat, cooled by immersion in ice 
water, undergoes shrinkage. 

Freezing Method 

This method is most used in pathological laboratories for quick clinical 
diagnosis. But it is also of value in the study of insects, especially when 
certain conditions arise: (t) when the tissue is too hard to be cut satisfactorily 
by use of either celloidin or paraffin; (2) when it is desired to examine tissues 
for the presence of fats, which are normally dissolved out by solutions used 
in connection with the other methods. 

Three procedures are available. The simplest is the freezing and cutting 
of the fresh specimen which has never been placed in preservative. The sec¬ 
ond involves tissues which have been fixed. (Such tissues must be thoroughly 
soaked in water before being frozen.) The third, which requires time but 
ensures better preparations in the end, requires saturating the tissue with some 
substance which does not crystallize when frozen, as does ice, but simply 
hardens into a homogeneous mass. One way of pToducing such a congelation 
is by use of aniseed oil. The tissue must first have most, of the water removed 
by passage through the alcohols, but complete dehydration is not essential. 
Transfer from 90 per cent alcohol to aniseed oil is entirely feasible. After 24 
hours in aniseed oil, the tissue is ready to freeze and cut. This procedure is 
often followed with tissue that has previously been stained in toto. 

Another substance sometimes used to achieve the same end is gum arabic, 
which is miscible with water. Tissues that have been kept in alcohol should 
be soaked in water for perhaps a day, then removed to a thick aqueous solu¬ 
tion of the gum. After 24 hours the mass may be frozen and cut. 

The usual procedure is to place upon the carrier of the microtome a drop 
of gum arabic or aniseed oil. This is then sprayed with either carbon dioxide 
or ether to initiate freezing. With the first evidence of hardening, the tissue, 
together with an abundance of solution, is placed upon the drop and freezing 
is completed by use of the spray, beneath an inverted cup. A wedge-shaped 
knife is used. As with the paraffin method, rapid strokes assure the best results. 
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If gum arabic was used, the sections are transferred to water. The gum 
washes away and the sections are then ready to be stained. If aniseed oil was 
the freezing medium, it may be removed by transferring the section to 95 
per cent alcohol. Sections already stained in toto need only be transferred to 
pure aniseed oil or some other clearing agent preparatory to mounting. 

Transferring Sections 

Celloidin sections, if thick, are best transferred by forceps or a brush. If very 
thin, it is best to use tissue paper. The sections, which will be clinging to the 
knife, are flooded with clarifier, the knife is partially dried by means of a 
pipette, and the paper is pressed gently against the sections. When the paper 
is lifted, the sections will come with it. Firm pressure through the paper then 
fastens the sections to the slide, after which the paper is removed with a rolling 
motion. It is a good plan to repeat the process two or three times with fresh 
paper. This removes all excess clarifier. The tissue is next made wet with 
ether-alcohol, applied by means of a pipette. This softens the celloidin tem¬ 
porarily, with the result that, when the solvent has evaporated, the section 
is usually well sealed to the slide. Since celloidin sections must not be allowed 
to dry out, the slides should be stored in 95 per cent alcohol to await staining 
and mounting. 

Paraffin sections are always somewhat wrinkled when first cut. A good 
procedure is to place the slide on a warming table and flood it with distilled 
water. The sections are then floated on the water, which, as it becomes 
warmer, causes the paraffin to spread. When expansion is complete the slide 
is lifted and the water is poured off. If one end of the paraffin ribbon is held 
in place by the tip of a dissecting needle, the sections will settle upon the 
slide in the desired position. Drainage may also be effected by means of a 
pipette. A little further warming will drive off the remaining water, though 
evaporation for a few hours at room temperature is usually preferred. Sections 
of insect tissue are ordinarily so small that they adhere quite satisfactorily 
to the slide during the staining process. If one anticipates trouble, however, the 
use of Mayer’s albumen fixative is recommended. This is prepared by com¬ 
bining r g. of sodium salicylate with 50 cc. of glycerin and 50 cc. of egg white. 
A small drop placed upon the slide and thinly spread with a clean finger 
tip is sufficient. The slide is then flooded with distilled water, as described 
above. Albumen fixative may be used to fasten celloidin sections also, though 
celloidin usually adheres very well without it. 

Frozen sections are usually first floated into water, then transferred to the 
slide with a camel’s-hair brush. The water is drained off and the sections are 



412 


THE HOUSEFLY 


pressed smooth by means of absorbent paper. To fasten the sections to the 
slide, a few drops of absolute or 95 per cent alcohol are sprinkled on, to be 
followed immediately by a 0.5 per cent solution of celloidin. After evaporation 
of the solvent, the section will adhere firmly to the slide. 

STAINING TECHNIQUES 

Reference has been made to staining in toto, but section staining is more 
generally used, as it may be relied upon to produce a higher degree of differ¬ 
entiation. The first step is usually the removal of the embedding medium. 
Paraffin may be removed by immersing in xylene for a few seconds. Celloidin 
yields to ether-alcohol, absolute alcohol, oil of cloves, or acetone. The removal 
of celloidin may be postponed until after staining and dehydration, if the 
technician so desires. The steps that follow are those normally followed for 
paraffin sections: 

From xylene the slide is transferred to 95 per cent alcohol. If an alcoholic 
stain is to be used, staining follows at this point. Dehydration by use of high- 
percentage alcohols is then followed by clearing and mounting in balsam. If 
an aqueous stain is intended, the slides are removed from 95 per cent alcohol, 
passed through alcohols of decreasing concentration, and placed in water. 
A common practice is to follow with a nuclear stain such as aqueous haema- 
toxylin, then wash in water, counterstain with aqueous eosin or picro-fuchsin, 
and wash again. Dehydration preparatory to clearing is accomplished by 
passing through alcohols to 95 per cent or absolute. Should the counterstain 
be of alcoholic nature, the same procedure will hold. 

A large number of stains are available for histological work. Besides those 
mentioned, methylene blue is often used by entomologists, particularly in the 
study of the nervous system. Borax carmine is entirely suitable for staining 
in toto, as is Mayer’s HC 1 Carmine. Mallory’s Phospho-tungstic Haema- 
toxylin is useful in the study of muscle and connective tissue. Alkaline methyl¬ 
ene blue gives best results after fixing agents that contain mercuric chloride, 
such as Zenker’s solution. Methyl green is sometimes used to stain the nuclei 
of fresh tissue. Congo red makes a good counterstain after haematoxylin. Picric 
acid is another which at the same time acts as a differentiating agent. If one 
has special needs, he should consult the standard technical literature. 

The purposes of staining are two: to give the tissues a color contrast with 
their surroundings, and to differentiate particular structures, substances, or 
cells. The second is the more important. Commonly used stains may be or- 
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ganic or inorganic; at the same time, they may be acid, basic, or neutral. Some 
are especially adapted to show nuclear structures; others are known as plasma 
stains. Some are used only for very special purposes. Occasionally, impregna¬ 
tion techniques are employed in which structural differentiation is accom¬ 
plished by the precipitation of substances such as silver nitrate or chloride of 
gold. 

Staining in toto is normally done after the fixer has been washed out and 
before the tissue is embedded. A nuclear stain is usually employed. Carmine, 
cochineal, and haematoxylin are equally serviceable. After sectioning, a coun¬ 
terstain may be applied. Following carmine, Lyons blue is commonly em¬ 
ployed. In a great many cases, however, it will be found convenient to leave 
all staining until sections have been made—in other words, to use section 
staining entirely. 

For double staining, the most popular combination is probably haema¬ 
toxylin and eosin. But no matter which stains are selected, it is well to remem¬ 
ber that staining is either progressive or regressive. In progressive staining, the 
process is closely watched and the staining is halted when the intensity of 
the stain reaches a desired point. With the regressive method, the tissue is 
deliberately overstained, after which the excess color is removed by action of a 
differentiator, such as alcohol, acetone, or oil of cloves. 

Some stains require a mordant to make them take. This is a chemical sub¬ 
stance that has a chemical affinity both for the tissue and for the stain. The 
principle is often incorporated in the fixing agent or sometimes in the stain 
itself, as, for example, in aluminum haematoxylin. 

The time of staining may be determined experimentally for a particular lot 
of stain and for sections of uniform thickness and fixation, after which a num¬ 
ber of sections may be put through according to a predetermined schedule. 
It is always better, however, to watch the staining (or differentiating) be¬ 
neath the microscope and terminate the process when the desired condition 
has been reached. Dilute solutions, acting over a considerable period of time, 
give more uniform results than concentrated ones, acting for only a brief 
period. The method of applying stains (and differentiators) will vary with 
the circumstances. Immersion of the slides, either horizontally or vertically 
in suitable staining jars, permits staining of a large number at the same time. 
On the other hand, flooding the individual slide with stain by means of a 
pipette, over a staining tray, has two advantages: microscopic observations may 
be carried out without disturbing the position of the slide, and there is less 
likelihood of losing paraffin sections. 
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MOUNTING TECHNIQUES 

Reference has been made to mounting in balsam as the usual and common 
method of preparing permanent mounts. Assuming that the specimen has 
finished clearing, one should first drain off the clearing agent, then permit 
the section to remain in air until the surface shows a slight tendency to 
dullness. A small drop of neutral Canada balsam is then placed upon the sec¬ 
tion, and the cover glass is dropped into place. If desired, the balsam may be 
placed upon the cover glass, which is then inverted. Xylene, toluene, and ben¬ 
zene are among the several substances used as balsam solvents. Damar balsam 
may be used as a mounting medium, but it sometimes becomes cloudy with 
the passage of time. Euparal, which is a mixture of certain gums and oils, may 
be used to mount specimens directly from 95 per cent alcohol without the 
employment of a clearing agent. 

Drying of the balsam mounts may be hastened by exposure to a moderate 
amount of heat. After thorough drying, the surplus balsam may be scraped 
away and the margin of the cover glass wiped gently with gauze dipped in 
xylene. Subsequent sealing of the margin with Brunswick black, gold siz¬ 
ing, or similar material gives a neater appearance and guards against the 
preparation’s turning yellow with age. 

With objects of unusual thickness, a ring of glass or hard rubber may be 
employed to support the cover glass. If these are not available, a ring of shellac 
cement may be built up by spinning the slide on a turntable, using a camel’s- 
hair brush. Two coats of shellac, applied by brush and turntable, are usually 
sufficient. 

Balsam may also be used to prepare a shallow cell. Besides balsam, damar, 
and euparal, various glycerin preparations have been employed for mounting 
purposes. Pure glycerin, glycerin and acetic acid, and glycerin with carmine, 
Congo red, or some other stain are used in this way. All glycerin jelly mounts 
should be sealed. After drying for 12 to 24 hours, superfluous jelly is scraped 
away and the mount is cleaned up by wiping with a cloth moistened with 
water. 

To illustrate different methods of feeding in flies, Graham-Smith (1930a) 
fixed the proboscides in various attitudes, in absolute alcohol. They were then 
treated with alcoholic sodium hydrate solution, and were later cleared and 
mounted in appropriate cells, without pressure. 

If glass, rubber, or metal rings are used in preparing dry mounts, they 
must be cemented to both cover glass and slide. . 

Another popular mounting medium is “clarite,” a water-white, chemically 



LABORATORY TECHNIQUES 415 

homogeneous synthetic resin developed by Groat (1939). It is a cycloparaffin 
or naphthene polymer with a melting point of I45°-I55°C (293°-3ii°F). 
Clarite is particularly advantageous when the slides are to be used in a micro¬ 
projector in which the source of illumination is a carbon arc. Because of high 
temperatures generated by the arc, media of lower melting point are apt 
to fuse and run. Clarite has the reputation of remaining neutral in reaction, 
no matter how long the preparations are kept. Neither does it become dis¬ 
colored. For general use a solution consisting of 60 per cent clarite and 40 
per cent toluene is recommended. 

LABELING SLIDES 

Labels are perhaps more important for microscopic slides than for other 
types of museum specimens. This is because there must be a record not only 
of the source of the tissue but also of the treatment it has received in the course 
of its preparation. Two methods are generally employed for marking slides: 
(1) the use of shellac or similar material; (2) the use of gummed paper 
squares. 

The first involves coating one or both ends of the upper surface of the 
slide with thin Canada balsam or a mixture of varnish and xylene. When 
dry, this makes an excellent surface on which to enter data with India ink. 
A second coat of balsam or shellac protects against defacement. 

Less time-consuming, and quite as satisfactory, are gummed labels pur¬ 
chased from supply houses; these are approximately one inch square, with or 
without ruled lines. If the slide is thoroughly clean, there is little danger of 
their curling or dropping off. Data should be entered with India ink, and 
should include a number that refers to notes or files in which full information 
concerning the specimen may be found. It is customary to give on the label 
the thickness of the cover glass and of the section, in microns. The name of 
the species, the organ involved, and the direction of the cut are likewise im¬ 
portant. The fixing agent and the stains employed are usually indicated in 
abbreviated form, followed by the date of mounting. A second label, at the 
opposite end of the slide, may be used to give a more detailed account of the 
technique followed and the particular purpose or objective sought in making 
the preparation. 

Mounts of more than ordinary value may be permanently identified by 
scratching a serial number into the glass by means of a diamond-point tool. 
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SPECIAL PROBLEMS CONCERNING CHITIN 

Flies, like other arthropods, have, of course, an exoskeleton of chitin, the 
presence of which often causes great difficulty in sectioning. The knife may 
quickly become dull, and subsequent sections may be ruined or badly mu¬ 
tilated. The best procedure is probably to utilize chiefly flies which have just 
emerged from the pupal state. Histological findings should, however, be 
checked against corresponding sections from more mature specimens, as cer¬ 
tain structures (e.g., the ptilinum) undergo considerable modification after 
emergence. Larvae, of course, are most easily studied just after molting. 

If one does not desire to study the cellular structure of the hypodermis, a 
practical procedure is to embed the complete insect in the usual manner, then 
trim away the paraffin very carefully until the chitinous layer has been re¬ 
moved. The residue is then re-embedded and sectioned in the usual way. 

Reference has already been made to the paraffin-celloidin method as particu¬ 
larly useful where chitinous structures are involved. 

Special techniques for softening the chitin prior to sectioning have been 
tried, with varying success. Soaking the specimen for a number of days in a 
mixture of alcohol and fluid soap is recommended. Similarly, immersion for 
24 hours in a solution of hypochlorite of potash or hypochlorite of soda (20 
per cent) tends to soften the chitin by partially dissolving it. The use of a suit¬ 
able fixing agent is also important. Henning’s, Frenzel’s, and Gilson’s fixa¬ 
tives are especially suitable, as they contain nitric acid. The special reagent 
known as Diaphanol is often useful in softening and bleaching chitinous 
structures. Tissues are placed in Diaphanol from 63 per cent alcohol, and left 
for two or three days. This is followed by the usual dehydration preparatory 
to embedding. 

For a study of the chitin itself, the Diaphanol may be followed by pro¬ 
longed immersion in water, following by staining with chlor-zinc-iodine. The 
chitin becomes violet. An excellent fixative for chitin is made up as follows: 

80 per cent alcohol 66 cc. 

glycerin 33 cc. 

25 per cent HCJ 2 cc. 

Sections of chitin stain well with haematoxylin and picric acid. Iodine, car¬ 
mine, and eosin are best for total staining. Ziehl’s carbol-fuchsin is a good 
chitin stain, as is also Mallory’s anilin-blue. Specimens previously treated with 
caustic potash may be stained with a solution of pyrogallic acid in alcohol or 
glycerin. 
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DEPIGMENTATION 

Closely related to the handling of chitin is the removal of pigment from 
the compound eyes. Either Diaphanol or Grenacher’s solution may be used 
for this purpose. The latter is composed of 70 per cent alcohol, 50 parts; 
glycerin, 50 parts; and nitric acid, 2 or 3 parts. The eyes are left in the solution 
for up to 12 hours, at 35°C (95°F). 

BACTERIOLOGICAL TECHNIQUES 

From the public health standpoint, a survey of the bacterial flora of the fly’s 
body is sometimes indicated. Specimens taken for bacteriological study must 
be given special consideration, and, of course, should not be exposed to the 
ordinary killing and fixing agents, which are usually quite as toxic to the 
bacteria as to the fly itself. 

Capture by ordinary trap or net is not too desirable, as there is always the 
possibility that the bacteria subsequently isolated from the fly were picked up 
after capture, rather than from natural sources. Both nets and traps may, 
of course, be sterilized prior to each collection, thus insuring against such 
secondary contamination of the specimens, but the sterilization of such bulky 
equipment is not always practical. 

A very good source of specimens for bacteriological analysis is, naturally, 
the privy pit or manure pile. Larvae of all ages, as well as pupae, may be trans¬ 
ferred by means of sterile forceps to screw-cap vials containing an appropriate 
solution. Adult flies may be taken as they emerge, and may be handled in the 
same fashion. Bacteriologists recommend sterile glycerol saline solution for 
this purpose. The formula is as follows: 

Glycerine 30 ml. 

Sodium chloride 42 g. 

Distilled water 100 ml. 

One ml. of glycerol saline is placed in each of a number of 10-ml. vials. The 
vials and their contents are then sterilized in an autoclave for fifteen minutes 
at fifteen pounds’ pressure (121 °C, or 249.8^). This makes a suitable medium 
for transportation of specimens to the laboratory. Examination for bacterial 
content should not be delayed beyond twenty-four hours. 

The technique to be followed from this point will depend both upon the 
purpose to be served and on the organisms thought to be present. For mere 
proof that the insect is carrying typhoid-dysentery organisms, for instance, 
the entire specimen may be macerated and inoculated into an enriched broth 
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suitable for the propagation of such bacteria. If a more analytical study is to 
be made, careful dissection with sterile instruments will serve to dissociate the 
proboscis, crop, lower intestine, and other parts. Smears or hanging drop 
preparations are then made from specific areas for microscopic examination. 
If desired, cultures may be established by transfer of bacteria from the same 
organs or tissues. 

Faichnie (1909) performed some interesting experiments to demonstrate 
that flies which were bred in enteric excreta might be infective in the adult 
state. A day-old fly that had been kept in sterile surroundings since emergence 
was chloroformed, transfixed with a hot needle, and singed in a flame. The 
specimen was then placed in sterile saline and later macerated in the same 
solution. A drop of the suspension was used to inoculate McConkey broth, 
which immediately developed a growth of B. typhosus. Control plates, in¬ 
oculated by saline solution in which the flies had been shaken hut had not yet 
been macerated, remained sterile. Various modifications of Lhe experiment 
gave confirmatory results. Faichnie’s interpretation was that the pathogen, 
which must have been acquired in the larval state, had survived pupation and 
so was present, from the beginning, in the internal organs of the adult fly. 
Bacot (19113,b) improved on Faichnie’s technique by sterilizing the pupae 
externally, thus eliminating the criticism that the flies might have reinfected 
themselves at the moment of emergence or just after. 

A technique for sampling the flora of the pupa’s interior was devised by 
Ledingham (1911). One extremity of the puparium, held lightly between the 
thumb and forefinger of the left hand, is seared and flattened by use of a 
small, hot iron. The treated surface is then pierced by a fine capillary pipette, 
which is used both to stir up the internal tissue and to draw off an appro¬ 
priate amount of material that is then squirted on to culture plates. 

Graham-Smith (1910) used an interesting technique in demonstrating that 
flies might, under certain circumstances, carry diphtheria bacilli. Adult flies 
were allowed to feed for thirty minutes on an emulsion of the pathogen in 
human saliva, and were then transferred to a clean cage. At various intervals, 
up to seventy-two hours, flies were killed and separate cultures were made 
from legs, wings, head, crop, intestinal contents, vomitus, and feces. Others 
were fed for one hour on a broth emulsion of the organism and examined 
in a similar manner. There was, of course, longer survival in the crop and in¬ 
testine than on the exterior surfaces. 

If suitable laboratory animals are available, infective material from crop, 
intestine, and other parts can be used for the experimental inoculation of 
such hosts, as well as for the establishment of plate or test-tube cultures. 
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To induce flies to feed on the lesions of yaws, Castellani (1907) removed 
the wings, then held the insects in place by means of a strip of gauze, the 
edges of which were fastened to the skin by collodion. The same device can 
be used to cause contaminated flies to transmit infection to artificial lesions in 
experimental animals. Modern workers may wish to substitute scotch tape 
for collodion in the above technique. 

It is assumed that inoculation techniques, the use of various diagnostic me¬ 
dia, and the employment of common bacteriological stains are known to 
the general laboratory worker. Those desiring information should consult 
the many excellent manuals now available for the use of the civilian or 
military technician. 

SPECIAL TECHNIQUES RELATING TO SURVEY WORK 

In connection with most fly-control programs, field surveys become neces¬ 
sary in order to test the efficacy of the control measures being used. These may 
lake the form of village studies, with a view to evaluating results in terms of 
cost on a limited scale. Again, investigations of fly populations in a few 
selected restaurants, dairies, or abattoirs may be used to determine the feasi¬ 
bility of all-out fly control for an entire municipality. 

Rut to count all the flies in an experimental area is manifestly impossible. 
Methods must therefore be devised by which reasonably accurate indexes 
of total fly populations may be secured. Random sampling is especially unsatis¬ 
factory, as flies are markedly gregarious and tend to congregate in a few at¬ 
tractive spots, where they are often found in very large numbers. The de¬ 
termination of these strategic points is therefore the first step in any sampling 
process. 

When this has been done, sample counts are made in the areas of concen¬ 
tration, using one or more of a number of available methods. For example, 
a measured area, such as twenty-five square feet of wall or floor, may be 
selected for observation. At predetermined intervals an observer counts and 
records the number of flies found resting in the selected area. Uncontrollable 
variations in sunlight, and in direction and strength of air currents, tend to 
make the counts fluctuate greatly, but the method has its advantages in that 
no apparatus is required. 

A very common procedure is to make use of baited traps. The flies actually 
taken can be counted very accurately, but the method is not ideal, inasmuch 
as other attractive substances in the vicinity of the trap may greatly influ¬ 
ence the size of the catch. Also, the. extent and outline of the area within 
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which a particular bait may be attractive is greatly influenced by atmospheric 
conditions. Most important of all, it is very difficult to devise baits which 
will remain uniformly attractive during the period of the survey. 



Figure 140. Scudder’s fly-counting grill. Slats diree-quarters of an inch 
broad and three feet long are arranged to form a grill one yard square. Count¬ 
ing is facilitated by division into quadrants and by blackening of slat tips in 
alternate groups of three. The small grill, eighteen inches square, is similar 
except that the strips are one-quarter of an inch broad and are spaced one- 
quarter of an inch apart. (Diagram patterned after photograph in Reprint 
No. 2785, Public Health Reports.) 

A simple and reasonably satisfactory device is a strip or spiral of sticky 
flypaper. This method has been used effectively in Sardinia, where the strips 
are exposed in selected situations both before and after spraying operations. 
The number of flies captured over a definite period of time in an area about 
to be treated is compared with the number captured by a similar strip sus¬ 
pended in the same location after spraying has taken place. Catches on subse- 
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quent days may be used to show how long treatment remains effective and 
how rapidly fly populations are restored as the effect of the application wears 
off. 

Sweeping the air with an ordinary insect net in the vicinity of favorite rest¬ 
ing places is another possibility, ft is probably the least reliable method of all, 



Figure 141. An obvious menace to health. Flies have unrestricted access to human 
fecal matter and to whatever disease organisms it may contain. Heavy fly population is 
indicated by number visible on the eighteen-inch counting grill. (Photo supplied by the 
United States Public Health Service of the Federal Security Agency.) 

as so much depends upon uniform skill and timing on the part of the col¬ 
lector. 

More satisfactory than any of these methods is the use of a standard resting 
surface in the form of a “fly grid” or “grill.” As developed by Scudder (1947), 
this device makes use of the well-known fact that flies tend to utilize edges 
as resting places. Two types were devised. For outdoor sampling, a grill one 
square yard in area is used. For indoor counts, as in restaurants and soda 
fountains, a less conspicuous unit eighteen inches square has been found ade¬ 
quate. Both are constructed by tacking wood strips, a quarter of an inch thick, 
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to a rigid, three-piece frame. To make counting easier, the larger grid is marked 
off into quadrants, as shown in figure 140. 

The investigator first determines, by inspection, the points of greatest fly 
concentration or annoyance. The grill is then lowered gently into the center 
of this area. Flies still resting at the margin of the area are disturbed by just 
enough motion to put them to flight, after which all are allowed to come to 
rest. In approximately thirty seconds, distribution will be stabilized, and the 
investigator can proceed to make a rapid count of the flies resting on the grill. 
Scudder remarks that since houseflies are very persistent in returning to a 
location, only moderate caution need be exercised in handling them, but that 
blowflies are much more active and must be approached with greater care. 
For the same reason, less time can be allowed for counting than with house¬ 
flies. 

The fly grill has been used extensively in connection with fly population 
studies in Egypt in recent years. 



CHAPTER XVII 


Emergency Control 


Do what we can, summer will have its fhcs. — Emerson, "Prudence" 


E MERGENCY control includes any and all procedures that may be 
brought to bear on situations where the fly population is already some¬ 
what out of hand. 

Emergencies may arise, lor example, in connection with the movement of 
troops into regions or areas where the native population has no program, in¬ 
dividual or collective, for the proper disposal of human and animal waste. 
Such conditions prevailed along the supply route between the Persian Gulf 
and the Soviet Union during World War II, and required strenuous measures 
in order to avoid unrestrained transmission of intestinal disorders. Similar 
conditions tend to exist temporarily in almost any military cantonment in the 
summertime whenever barnyards, pigsties, or garbage dumps exist within 
flight range of the reservation but, being located on private property, are 
with difficulty brought under the control of camp authorities. 

Municipalities and recreational centers often face similar problems near 
the end of the summer season, when it is far too late in the year to forestall 
the breeding of flies and the only action that can be taken is to reduce, in 
some way, the great number already in existence. Meanwhile, the civilian (or 
military) population must be given every possible protection against the fly 
nuisance. Possibilities in this direction are recalled by a note published in 
1918 concerning American army camps during World War I. At the time of 
publication some 22,700,000 square feet of screening had been used and 6,000 
fly traps had been placed in operation. 

MEASURES AGAINST THE ADULT FLY 

The adult fly may be attacked or avoided in a number of ways. Of proven 
value are screens, flytraps, electrocuting devices, sprays, flypapers, poisons, 
and the humble but always practical fly swatter. Usually a combination of two 
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or more procedures is desirable, and not infrequently it becomes necessary 
to attack the problem from every conceivable angle before any significant 
relief can be achieved. 


Screening 

Screening, as a general protection against mosquitoes, flies, and other pests, 
is so generally practiced in temperate zones by both urban and rural popula¬ 
tions that we often fail to realize how generally lacking is such protection 
in many regions of the world. The lack is often greatest where insect-borne 



Figure 142. Combination of dirift and carelessness. The manure is stored in an open 
box, but die doors and windows of the barn are screened. Prevention of breeding should 
be basic in any program for fly control. (Courtesy of Michigan Department of Health.) 


diseases constitute the greatest menace to human health. In general, economic 
reasons lie behind the fact that this simple expedient is so infrequently em¬ 
ployed in the very situations where it would obviously be of greatest benefit. 

Houses with floors or walls of bamboo poles or similar material can never 
be rendered flyproof under any circumstances. Even where dwellings of clay, 
sod, or thatch are so constructed as to make screening possible, the expense is 
usually quite prohibitive. Puri (1943) states that in India the vast majority 
of the people cannot afford to screen their houses properly; he confines his 
recommendations to the screening of hospitals, of rooms occupied by persons 
with communicable diseases, and of cots and cribs used by infants, who, by 
their very helplessness, are particularly vulnerable to fly-borne infections. 
Muslin or mosquito netting is obviously the most suitable material for indoor 


use. 
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Figure 143. Practical plan for constructing screen door. Kruse, C. W., and Gartrell, F. E., /. Nat. Mai. Soc. 4:140, 

All screen doors should be made to open outward. Provi- 1945; used by permission of W. B. Saunders Company.) 

sion for automatic closing is likewise essential. (From 
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Even among the well to do, the maintenance of screens in the tropics is a 
matter involving endless watchfulness and great expense. Lacquered or 
painted screens are wholly impractical, as they scarcely last one season. Gal¬ 
vanized iron is but little to be preferred, as exposure to rain soon causes rust¬ 
ing, which puts it also in the class of temporary materials. Copper, on the 
other hand, if it does not contain over 0.5 per cent of iron, is excellent, while 
monel metal, which consists of nickel (67 per cent), copper (28 per cent), and 
other metals (5 per cent), has been found particularly durable near the sea. 
It is, however, one of the most expensive of screening materials. Bronze, 
composed of nine parts of copper to one of tin, makes a very durable wire, 
especially if the mixture is phosphorizecl. Aluminum screening is also avail¬ 
able. 

In the absence of such materials, fabric or plastic screens are probably to 
be preferred over inferior metals. Plastic screening is surprisingly strong and 
durable, and does not rust or corrode. It will burn, however, when fire is held 
directly against it; hence, watchfulness is necessary when cigarettes or cigars 
are being used. 

The type of support used to stretch the screening will depend chiefly on the 
latitude. Removable frames are a necessity in northern regions, where flies are 
of only seasonal concern and where exposure of the screen to the elements 
during the winter season tends to cause its rapid disintegration. Furthermore, 
in cold countries it is often the custom to conserve heat by the use of storm 
windows, the frames of which may be held in place by the same turn buttons 
or other devices which are employed to hold the screen frames in the sum¬ 
mertime. 

In warmer regions, however, where the winter season is relatively short 
and is perhaps more characterized by rainfall than by snow and ice, insects, 
including flies, will be in evidence for a much greater portion of the year, 
and more or less continuous screening is to be preferred. Under such circum¬ 
stances, it may be feasible to fasten the netting directly upon the window frame 
by tacks or small nails, thus avoiding the expense of material for frames and 
the expenditure of time in constructing them. If muslin or cloth netting is 
used, the margins may be secured with lath or similar material. 

There can never be any substitute, on the other hand, for the screen door. 
Four features are essential for the proper functioning of a screen door, and 
should always be insisted upon: (1) The door must fit its frame and should 
rest against jamb strips in such a fashion that no fly can find its way through 
the crack when the door is closed. (2) The door should open outward, so 
that any flies resting on the outside of the screen will not be carried into the 



EMERGENCY CONTROL 


4*7 


house when the door is swung. (3) Spring hinges or some equivalent device 
should be employed to ensure automatic closing. (4) Lower panels should be 
protected by wood bars, wire cloth, or other reinforcement, to guard against 
puncturing of the screen. 

Special screening is usually desirable for foods that are likely to attract flies. 
Hung meats, particularly, should be protected, and fresh fruits, which are 
usually eaten raw, ought to have protection also. The sale of fruits on the 
open street in fly time is one of the major causes of intestinal disturbances in 
many parts of the world. 

The mesh of the screening is of course important. A mesh of 14 wires to 
the inch will exclude houseflies, blowflies, and similar species, but it is better 
to use about an 18-mesh screening in order to exclude smaller insects at the 
same time. Size of wire will modify the actual size of the aperture, and this 
should be taken into account. In the United States Army, the maximum aper¬ 
ture recommended for general use is 0.0475 inch. In the Lanai Zone, hard- 
drawn copper wire, 99.8 per cent pure, 0.015 inches diameter, is standard. A 
wire this heavy gives the desired aperture with only a 16 mesh, that is, with 
sixteen holes along a linear inch. For comparison, a regular grade, 0.010 inches 
in diameter, leaves apertures of 0.0456 inches with an 18 mesh. 

Attempts to reduce the apertures to the point where Phlebotomus and 
Culicoides will be excluded have been found impractical, as ventilation is 
thereby cur off and the house or room becomes so uncomfortable that few 
persons will tolerate it. 

Plans for constructing practical and inexpensive screen doors are usually 
obtainable from city and state health departments. Figure 143 illustrates a type 
of door which has been found useful in malaria control work throughout the 
world. 


Flytraps 

It should be pointed out that flytraps alone can never afford more than 
partial relief from the fly nuisance; as a supplementary measure, however, 
their usefulness should not be overlooked. 

Many types of traps are on the market, but those of conical design have 
been found most satisfactory for catching medium-sized muscoids of the 
housefly or blowfly type. While an all-metal trap is undoubtedly to be pre¬ 
ferred, a very satisfactory device may be constructed of wooden hoops, wire 
screening, and wood lath. Indeed, under emergency conditions, these may be 
the only materials available. The accompanying diagram (Fig. 144) illustrates 
the basic principle of the conical trap. The aperture at the apex of the cone 
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is usually made approximately one inch in diameter. All-metal, cylindrical 
traps in which the cones are removable have proved very satisfactory for mili¬ 
tary use. Cones are easily telescoped, for shipment, and by giving the outside 
cylinder a slightly greater diameter at the base than at the top, it is possible 
to telescope these units also. A large number of traps may thus be stored or 
transported in relatively little space. 

When properly baited and placed in strategic locations, the conical-type fly¬ 
trap will capture enormous numbers of houseflies and blowflies. Traps set near 
the doors of kitchens and mess halls usually catch a great many, especially if the 
location is protected from the wind. Except in very hot weather, the sunny side 
of a building is preferable to the shady side. For houseflies many types of bait 



Figure 144. Scheme of conventional flytrap. Flies 
enter from below. Screen in cover admits sunlight. 
Flies, seeking light, pass upward through hole at 
top of screen cone and are held captive. Outer wall 
is usually of screening, also. Traps operating on this 
principle may be either rectangular or cylindrical in 
design. 


may be used. Milk and fruit waste will answer very well. A mixture of water 
(three parts) and blackstrap molasses (one part) is also recommended. Bait 
pans should be kept well filled and should be washed at least every second 
week. When the captured flies form a pile one-fourth the height of the cone, 
the catch should be removed, as additional flies do not readily enter the trap 
under such conditions. Any flies that may still be living can be killed by a 
pyrethrum spray or by immersing the trap in hot water. 

For the capture of blowflies the trap should be blocked up to give a clear¬ 
ance of two inches beneath the cone. Meat scraps of all kinds make good 
bait. Liver is especially effective, and “gut slime,” a by-product of packing 
houses, is probably the best. 

Blair (1945) reports great success in western Egypt with a type of flytrap 
in which the bait is in relative darkness. Flies that have fed are attracted by 
the light above into a trapping chamber with a cone-shaped entrance. A fairly 
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bulky bait is recommended, with a liberal portion of meat or fish. Where odors 
are objectionable, fruit may be substituted. The margin of the bait tin is 
turned inward to prevent the escape of any larvae that may develop in the 
bait. Bait is replaced weekly, and the old bait and trapped flies are burned. 
Up to 80,000 flies were taken in two days, the record for one hour being in 




Figure 145. Interior units for conventional flytraps. Upper: Pattern for cut¬ 
ting screen when design of trap is rectangular. If line B-C is nine inches long, 
the distance from A to B or C should be approximately twelve inches. Folding 
of the screen along dotted lines produces a four-sided pyramid. (Freely adapted 
from Najera, 1947.) Lower: Pattern for cutting screen when design of trap 
is cylindrical. A carpenter’s square is laid upon screen so that O-A measures 
twenty-two inches; 0 ~B, nine. Radius A-B is then used to determine A~C and 
A-D. Circumferential distance between C and D is fifty-seven and one-half 
inches. Cone is formed by causing A-C to overlap A-D. (Freely adapted from 
U.S. Department of Agriculture, Farmers' Bulletin 7 34.) 
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the vicinity of 4,500. The effective attraction radius was approximately 300 
yards. Such an apparatus is of course effective only in the open and in good 
light. 



Figure 14b. Small Hytrap, easily made. Should be set on blocks, above ap¬ 
propriate bail. Flies enter from below, then make their way through holes in 
ridge of tent-shaped screen, into dome-shaped crap-chamber above. Withdrawal 
of end pins permits quick removal of interior unit. 

Electrocutors 

These devices are so designed that they will kill all insects that strike them. 
They have been found especially effective against houseflies. A screen or grid 
which may be hung on windows or screen doors is the commonest type used. 
Others are combined with trapping devices for use outdoors. A transformer 
is employed to convert ordinary house current into one with low amperage 
and high voltage. A current of 3,500 to 4,000 volts is most desirable. Or¬ 
dinarily, no insect can survive even a momentary contact. 

Fans 

Electric fans, mounted over doorways leading to mess halls, kitchens, and 
places where food is stored, can be very helpful in keeping out flies. When 
the door is opened, flies, if present, will naturally attempt to move toward 
the source of the attractive odors, but because of the fan they encounter a 
strong air current that prevents their ingress. 

Sprays 

Sprays can be applied by hand sprayers, hand pumps, or power devices. 
The primary purpose is to bring the insecticide into direct contract with the 
fly, thereby causing its death. For many years, pyrethrum has been the favor- 
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ite insecticide for this purpose. It knocks down the insects quickly, which 
not only gives satisfaction to the operator but likewise prevents the fly from 
continuing to spread infection after exposure to a fatal dose. 

The raw product consists of the dried flowers or buds of any one of three 
particular species of Chrysanthemum. These have been intensively cultivated 
in Kenya Colony, where flowers have been produced with a pyrethrin content 
of approximately 1.3 per cent. The term “pyrethrin” is applied to any or all 



Figure 147. Insecticides not a substitute for sanitation. Power spraying of premises 
may reduce fly populations temporarily, but the insanitary privy remains a menace to 
family and community health. (Photo supplied by the United States Public Health Serv¬ 
ice of the Federal Security Agency.) 

of the compounds within the dried material which are toxic to insects. These 
fall into two categories, referred to in the literature as pyrethrins I and II. 
Insect powders are prepared by grinding up the flowers. If a less potent prepa¬ 
ration is desired, the powder may be diluted by mixing it with an inert car¬ 
rier. 

For spraying, the pyrethrins are extracted from the flowers by use of various 
solvents. For application to plants, acetone and alcohol are the preferred 
solvents, while mineral oil is the solvent selected when the spray is to be 
used against insects affecting man or animals. A concentrate containing 2 g. 
of pyrethrins per 100 cc. of solvent is the stock solution from which most 
spray solutions are prepared. Dilution with twenty times the volume of light 
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petroleum oil or kerosene thus yields a spray containing from o.io to 0.12 g. 
of pyrethins per 100 cc. This concentration has been recommended for use 
against houseflies and stable flies as well as mosquitoes, eye gnats, and other 
forms. Practical experience shows, however, that houseflies are much more 
resistant to pyrethrum than are mosquitoes. The flies are knocked down readily 
enough, but a large percentage frequently revive, as is the case with cock¬ 
roaches. Most authorities feel, therefore, that pyrethrum can be relied on 
for control of flies only when combined with a synergist, such as piperonyl 
butoxide. 

If the spray is to be employed in dwellings, a perfume is sometimes added 
to suppress the odor. Inhalation of pyrethrum is neither dangerous nor an¬ 
noying to man, except in the case of certain individuals who may be allergic 
to it. 

The selection of the proper oil, or combination of oils, to carry the pyrethrins 
will depend upon the purpose for which the spray is used. In dwellings it 
should be of a nature to leave no stain upon furniture, walls, or clothing. In 
spraying animals, the oil should be noninjurious, whether left upon the skin 
or licked and swallowed by the same or another animal. For show animals, 
it must neither stain the coat nor cause undue drying or bleaching of the hair. 
In the case of milch cows, the solvent must not be of a nature to taint the milk. 

Another function of fly spray, when applied to animals, is to repel the in¬ 
sects and thus save the animals considerable annoyance and irritation. A prepa¬ 
ration which evaporates more slowly and which is more aromatic than 
ordinary sprays is better suited to this end. Livestock sprays are therefore 
usually made up with less volatile oils than household sprays, and frequently 
contain cloves, safrol, pine oil, or camphor. 

A third purpose of spraying walls, floors, and ceilings is to render them 
toxic to flies for an extended period of time. For this, pyrethrum preparations 
are not adequate, and DDT is the most useful insecticide. This remarkable 
substance is treated at length in Chapter XIX and will, therefore, not be dis¬ 
cussed further in this place, except to point out that a deposit of 200 milligrams 
of DDT per square foot will usually destroy flies for a month or more. Ac¬ 
cording to Taggart (1946) the same concentration, in test boxes, resulted in a 
100 per cent kill after 261 days! 

Besides pyrethrum, extracts of derris and organic thiocyanates are used by 
many manufacturers in the preparation of fly sprays. Derris, and the rather 
similar cube, are produced as powders by grinding the roots of certain tropical 
plants. The active chemical principle is rotenone. The thiocyanates are dis- 
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cussed at some length in Chapter XIX, which treats of the more recently de¬ 
veloped insecticides. 

Regardless of content, all of the great many commercial fly sprays sold in 
the United States must meet requirements specified by the National Bureau 
of Standards, Department of Commerce, Washington, D.C. Each product 
is rated against an official test insecticide (O.T.I.), agreed upon by the 
National Association of Insecticide and Disinfectant Manufacturers, Inc. The 
Peet-Grady method of testing (see Chapter XV) is employed in making the 
determination. If the number of flies killed by the spray in twenty-four hours 
falls within 5 per cent of the number that succumb to the official test insecti¬ 
cide, the product is given a rating of “B” and is considered satisfactory for use. 
A rating of “A” indicates that the kill ranges from 5 to 15 per cent higher 
than with the O.T.I. If the kill exceeds this, a rating of “AA” is given. 

Besides possessing the desirable features already discussed, a standard house¬ 
hold spray should not corrode metals, nor should it have a flash point below 
125°F (5i.7°C) when tested by the Tagliabue closed-cup method. It should 
not be sufficiently penetrating to contaminate closed packages of ordinary 
foods. 

The general spraying of extended territory by airplanes is thoroughly prac¬ 
ticable, as demonstrated by military and other experience. The interval be¬ 
tween each application will depend upon frequency of rainfall and other 
factors which tend to nullify the effects of the application. This must be de¬ 
termined by experience. Griffiths (1946) reports that when the city of Manila 
was sprayed from airplanes with DDT in Diesel oil at a rate of 8 ounces of 
DDT per acre, Diptera of the genus Musca practically disappeared for a short 
time following each application. In this work, treatments were given at in¬ 
tervals of 3 to 4 weeks, which proved not sufficiently frequent for the securing 
of a cumulative effect. Ground sprays ten days apart during June and July had 
a carry-over effect, as shown by the fact that the fly population increased more 
slowly after each application. 

Fly Poisons 

Poison baits are effective in reducing the number of flies, and should not be 
overlooked in any all-out effort to meet an emergency condition. Old-fashioned, 
but probably superior to others, is formaldehyde, usually available as formalin, 
a 40 per cent solution of the gas in water. Three teaspoonfuls of commercial 
formalin are mixed with one pint of water or milk, and a little brown sugar is 
added to make the solution more attractive. An ordinary drinking glass is 
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then partially filled with the mixture. The usual procedure is to line a saucer 
or small plate with blotting paper and place it over the glass, bottom up. The 
apparatus is then inverted and the glass is elevated slightly on one side by in¬ 
sertion of a matchstick or similar object. 

A solution of sodium salicylate, plus brown sugar, has also been recom¬ 
mended for this purpose. Arsenic preparations, while very effective, are not 
usually desirable about kitchens or dwellings because of the danger to human 
life. 

Flypapers 

These are useful as supplementary control devices, particularly about 
kitchens and mess halls where complete exclusion of flies is difficult to achieve. 
Flypapers are usually available in two forms, as ribbons and in the form of 
flat sheets. The ribbon type pulls out spirally from a short cylinder of card¬ 
board and may be suspended from the ceiling in any convenient manner. 
The lower extremity should, of course, be higher than head level. A disc or 
circular shelf at the bottom serves to collect any sticky material which may 
run downward due to high temperature of the room. 

Sheets are far more effective than ribbons, though they are somewhat un¬ 
sightly, especially after a large number of flies have been captured. A good 
procedure is to tack the flypaper to a vertical board that may be suspended in 
some inconspicuous place where flies are prone to congregate. A ledge should 
be fastened along the lower edge to prevent dripping upon furniture or the 
floor. 

Various sticky mixtures have been used to coat flypaper. An old recipe 
recommended two pounds of rosin and one pint of castor oil, to be heated 
together until the mixture resembled molasses. This was then smeared on the 
paper, while hot, by means of an ordinary paintbrush. 

ATTACKING THE IMMATURE FORMS 

Attention should also be given to fly-breeding areas insofar as these may 
be under the control of the municipality, resort operator, or military authority 
concerned. 

The selection of materials for the control of larvae will depend in part on 
the availability of a local supply. In Russia, chlorinated aliphatic hydrocarbons 
are abundant. Klechetova (1946) has conducted a series of experiments with 
several compounds. Third-stage larvae of M. domestica were confined in a con¬ 
centration of 30 maggots to too grams of rearing medium. Each batch of 30 
was then exposed to a controlled dosage of poison, of which the amounts 
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ranged from 0.25 to 2 g. (or cc.). The most effective compounds were, tetra- 
and pentachlorethane, both of which caused complete mortality within 48 
hours at all dosages. Toxicity, however, though important, is not the sole 
factor in determining the superiority of a larvicicb. Hexachlorethane, for ex¬ 
ample, which gave a mortality of only 91 per cent at the highest dose, is very 
desirable both because of its low toxicity for mammals and because it is avail¬ 
able as a powder and therefore easy to transport. Its relative insolubility in 
water accounts for its tardy larvicidal action. If thoroughly mixed with the 
medium, it is highly effective. Hexachlorethane has an additional advantage 
in that its odor repels adult flies and thus discourages further oviposilion in 
the medium treated. As a repelleent, it was found to be about five times as 
effective as chloride of lime. Large-scale use of hexachlorethane in Moscow 
during 1945 gave good control throughout five of seven zones treated. 

Chloride of lime is an old favorite with sanitarians for deodorizing latrines, 
privies, and the like, but its effectiveness as a larvicide is questionable. Dolin- 
skaya and associates (1946) reported on its generous use in Moscow, where 
complete mortality of all larvae required the application of not less than 30 
ounces per square yard of surface twice a week. It was furthermore necessary 
to apply the lime in such a manner as to form an unbroken film. This demands 
a degree of responsibility not often possessed by the type of labor usually avail¬ 
able for such work; it also requires additional time. On the other hand, there 
is something to be said for chloride of lime as a repellent against adult flies. 
A substantial reduction in the number of larvae was noted where applications 
at the rate of only 20 ounces per square yard of surface served obviously to 
discourage oviposition. 

Travis and Bohart (1946) give an interesting account of field tests made 
in Okinawa relative to the use of DDT in Diesel oil or kerosene to control 
larvae in latrines. One quart of 4 to 5 per cent solution per seat hole once a 
week was effective against Chrysomyia megacephala in pits built according 
to military specifications. Trials were also made with 5 per cent DDT in 
emulsified xylene, which kills more quickly, but in tight pits this proved 
dangerous, as a lighted match caused the xylene vapor to explode. There was 
some criticism of the DDT, since it did not always kill mature larvae quickly 
enough to prevent migration from the pit. Other materials used were Penite 
(a 54 per cent preparation of sodium arsenite) and paradichlorbenzene. The 
first was very effective in dilution of 1 .-40, and is particularly convenient to 
use, as it is notfjulky to transport and any kind of water serves for mixing. 
It is, however, highly toxic to man. Paradichlorbenzene, like DDT, requires 
considerable shipping space. It is really effective only when the pits are deep, 
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dry, and unventilated, but has one advantage in that it prevents additional flies 
from entering. 

Olson and Dahms (1945) point out that sewage plants operating under 
optimum conditions ordinarily have no problem concerning the breeding of 
Musca domestica in sewage sludge. Emergencies arise from time to time, how¬ 
ever, when it becomes necessary to withdraw the sludge before it has under¬ 
gone complete digestion. This “green sludge,” as it is called, dehydrates much 
less readily than digested sludge and thus remains an excellent medium for 
housefly breeding. Operators would do well, therefore, to have available a 
suitable means of treating the exposed sludge, when such conditions arise. 
Olson and Dahms made comparative tests of rotenone, DDT emulsion, DDT 
dust, kerosene, and other substances as available in standard preparations. 
Neither the rotenone nor the DDT emulsion proved to have significant 
larvicidal value. Both borax and kerosene, however, gave 100 per cent kill. The 
DDT dust, though only moderately effective as a larvicide, was effective, 
nevertheless, in thaL most of the pupae formed failed to produce flies, and the 
few adults which did emerge died within less than two hours. 

The use of various chemical substances for control of larvae under emer¬ 
gency conditions was investigated by McDuffie, Lindquist, and Madden 
(1946). O-dichlorobenzene was applied in simulated pit latrines at the rate 
of 15 to 25 g. per square foot, resulting in good control of housefly larvae. 
Similar results were obtained by the use of 10 to 20 g. per square foot of 
p-dichlorobenzene. Both were effective in destroying the eggs. A 5 per cent 
solution of DDT was also tried, but few if any maggots were killed by it. 
Emerging adult flies, however, were quickly killed by contact with the residue. 
Maggots in carcasses were controlled fairly well by a number of substances, 
including thanite, benzene hexachloride, acetylene tetrachloride, and o- 
dichlorobenzene. 

Sometimes the mere covering of the fly-breeding medium by a sufficient 
depth of packed soil is effective in cutting down the fly population. However, 
in most situations, as pointed out by Mellor (1919), it is useless to bury larvac- 
infested material under as little as four feet of clay, loam, or sand, whether 
loose or rammed down, as most of the flies will emerge regardless. This is 
because approximately 90 per cent of the larvae climb to within one foot of 
the surface in order to pupate. 

MISCELLANEOUS PROCEDURES 

Sodium hydroxide (caustic soda, NaOH) is sometimes employed to wash 
garbage cans and pails in connection with fly control and the maintenance of 
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general sanitary standards. Obtainable as flakes, lumps, or rods, it is readily 
soluble in water, glycerine, or alcohol. Being caustic, it should be kept in tightly 
closed containers and should never be allowed to make contact with the bare 
hands. 

Washing soda, also known as sodium carbonate (sal soda, Na»C 0 3 + 
ioHvO), is quite safe to handle, and therefore useful in many situations. It 
is a white, crystalline powder, very soluble in water. A common use is to free 
garbage of fats and grease, and thus reduce its attractiveness to flies. 

A dangerous but sometimes useful material is sodium arscnite (NaAsCL), 
a white powder very soluble in water. It has been used as a spray to arrest fly 
breeding in compost piles, animal carcasses, and human cadavers. It is ex¬ 
tremely poisonous, however, and must not be used near wells or springs. 
Livestock and children must be kept from ground that has been treated, and 
handlers should wear rubber gloves, as sodium arsenite is extremely caustic. 

Borax, also called sodium borate (Na 2 B., 0 7 -f- toELO), another old favorite 
with sanitarians, is reasonably effective in killing both housefly and stable-fly 
larvae in feces, animal manure, garbage, and sludge beds. It may be applied 
as a powder or in water solution, by sprinkling. Manure heavily treated with 
borax is sometimes toxic to crops when spread on fields. 

Tarpaulins, especially if rubberized, may be used to cover ricks of manure 
and thus prevent flies from breeding therein. This also protects the manure 
from disturbance by birds and other animals and tends to conserve the ferti¬ 
lizer value. Seams and hems should be of ample width and should be double- 
or triple-stitched. Eyelets should be of brass or some other noncorrosive 
substance. Triangular corner patches, double-stitched, greatly enhance the 
durability of tarpaulins. 

The use of aerosols to free an area from insects for a brief period of time has 
been employed chiefly in connection with mosquito control, but the procedure 
can also be made use of in controlling flies. Brescia, La Mer, and associates 
(1946) have shown that fifteen gallons of DDT emulsion liberated over a 
front of 1,000 feet are required to control flies for a distance of 1,000 feet down¬ 
wind. This means that houseflies are from four to six times as resistant to such 
treatment as are common species of mosquitoes. The emulsion used in these 
tests consisted of 50 per cent water and 50 per cent oil, by volume. The DDT 
content was equal to 10 per cent of the oil, by weight. 



CHAPTER XVIII 


Planned Control 


Kill a fly in July, 

You've just filled one fly. 

Kill a fly in June, 

They’ll, be scarce soon. 

Kill a fly in May, 

You’ve kept thousands away. 

—Old English rhyme 

F LY CONTROL is a responsibility in which an ounce of prevention is 
worth several tons of cure. Hewitt (1914a) estimated that if the progeny 
of a single pair of flies all lived and could be collected at the end of the summer 
and pressed together, they would occupy approximately 250,000 cubic feet. Of 
course, no such unrestricted multiplication occurs, yet the great fecundity of 
the species is such that any and all measures which may prevent reproduction 
on the part of the original few are infinitely worth while and should never be 
overlooked. 

Long-range planning thus resolves itself into nothing more or less than the 
elimination of those conditions which permit the insects to breed and multiply. 

In earlier chapters, we have listed the wide variety of media, both natural 
and man-made, which Musca domestica is able to utilize for larval develop¬ 
ment. The great majority, however, of the numerous flies which characterize 
late summer and early fall in so many parts of the world owe their existence 
largely to the availability of three classes of material: (1) human feces, (2) 
animal manures, and (3) improperly disposed garbage. Under rural condi¬ 
tions the first two are of paramount importance. In cities, the third is usually of 
greatest concern. In military establishments, all three aspects may be involved, 
depending on the need for animals (camels, horses, mules), the previous 
civilian habits of the men, and the intended permanence of the installation. 
Thus slit trenches may provide adequate disposal of feces for an overnight 



PLANNED CONTROL 439 

bivoUac or maneuvers of a few days’ duration, but ire quite unsatisfactory 
where large bodies of troops are to be concentrated for a considerable period 
of time. 


GARBAGE DISPOSAL 

Since the problem of garbage disposal is of concern in almost every situation, 
it will be considered first. Municipalities, resort operators, camp directors, and 
military commanders must all make provision for the disposal of food wastes 



Figure 148. Modern sanitary garbage collection. Low-level loading reduces fatigue 
for the men and eliminates risk of injuries. Loading is faster, also. (Courtesy of Gar 
Wood Industries, Inc.) 


and should consider only such methods as will not encourage the multiplica¬ 
tion of flies. Farmers, who usually effect disposal by immediate feeding to 
cattle, poultry, or swine, nevertheless have seasonal problems, as when cellars 
are cleaned out and partially spoiled vegetables or fruit are thrown out and 
perhaps left to decompose. Garbage disposal therefore affects everyone to a 
greater or lesser degree. 

Transportation 

Hauling garbage through streets of cities and towns presents a problem cer¬ 
tainly important in an aesthetic way, and usually important otherwise. Many 
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larger cities still use the open truck, which starts its trip loaded with clean, 
empty refuse cans. At each residence the clean can is exchanged for one con¬ 
taining the garbage and refuse accumulated by the householder since the last 
collection. A tarpaulin may be utilized to cover the laden cans as these accu¬ 
mulate in the truck. Such a covering serves three purposes: (i) to keep the 
covers from jarring off the cans as the truck picks up speed; (2) to reduce the 
amount of odor emanating from the load as the truck works slowly along the 



Figure A truly sanitary truck for garbage collection. When the hopper 
is filled the door is closed, sealing both hopper and body. Nothing spills or 
blows away in transit. (Courtesy of Gar Wood Industries, Inc.) 


street; (3) to make the appearance of the load less objectionable to passers-by. 

Workmen are prone to conserve space and cans by overfilling the latter, and 
even dispensing with covers so that a surface layer of garbage may be distrib¬ 
uted over the open tops. This, of course, should be discouraged, as it almost 
always results in the distribution of a certain amount of refuse along the high¬ 
way. Such practices are most common when the work is contracted to some 
individual or company, to whom the cost of an extra trip may mean the differ¬ 
ence between profit and loss. In general, it may be said that where employees 
of the city or village do the actual handling, there is better opportunity for 
health officers to supervise the work and prevent undesirable practices. 
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An excellent device is the bin-type collecting truck, shown in Figure 149. 
The bin operates by a hydraulic hoist, so that no excessive amount of strength 
is required on the part of the laborers. 



Figure /;o. Great capacity means fewer trips. Operator is about to activate 
a hydraulic ram, which compresses garbage and rubbish into a small space, 
at the same time squeezing out the liquids. Drier garbage means quicker bunt¬ 
ing at dump or incinerator. (Courtesy of Gar Wood Industries, Inc.) 

Disposal after Collection 

The more common methods of garbage disposal are six: (1) the open dump; 
(2) feeding to hogs; (3) incineration; (4) grinding, followed by release into 
a sewerage system; (5) reduction; (6) the sanitary fill. 

The city garbage dump. Of traditional usage is the sprawling dump, some¬ 
where beyond the corporate limits of the town. It is usually the practice to 
keep a slow fire burning, watched over by one or more attendants, to consume 
the more combustible materials. Rubbish from grocery stores and other 
mercantile establishments contains considerable amounts of this type of refuse, 
and its burning accomplishes the incineration of a certain amount of moist 
garbage which would otherwise be left to decompose. 

The great bulk of food residue, however, remains to be picked over by stray 
dogs, cats, hosts of rats, and, in certain areas, wild bears, not to mention human 
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scavengers, some of whom in certain devastated countries had little other 
source of nourishment during the war years and early reconstruction period. 

There is no question but that the open dump is economical, and this is 
perhaps the chief argument for its continuance, considering the modern dis¬ 
posal methods now available. One factor which must always be considered 
when a community converts from open dump to modern incineration or 
other methods is the large, residual rat population which the open dump al¬ 
ways supports. To a limited extent it may be said that the rats constitute a 
part of the disposal mechanism, and that, with an attractive field of garbage 



Figure 151. Easy dumping by hydraulic mechanism. A bulldozer waits, at 
right, to push refuse into a sanitary fill. (Courtesy of Gar Wood Industries, 
Inc.) 


to make use of, few if any rats remain in the vicinity of private homes. With 
the garbage eliminated, all this is changed. The rats then scatter widely and 
hotels, business houses, and private households become asylums for the disin¬ 
herited. 

Proper anticipation of this hazard will enable the health officer to forestall 
most of the difficulty by putting control measures into effect before the old 
habitat becomes unattractive to the rodents. Potassium cyanide dust, intro¬ 
duced with a blow gun into the rats’ burrows, has been recommended as 
effective. Care must be taken to plug all exists of the burrow except the one 
into which the poison is introduced. At the end of the treatment this also 
should be blocked. The cyanide salt reacts with the moisture of the air in the 
burrow to produce hydrogen cyanide. The rats are thus asphyxiated. 
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Hog feeding. The one undeniable advantage o£ this method of disposal lies 
in the fact that it utilizes the food value of the garbage. The pigs are eventually 
sold and a tangible profit is realized. Ashes and rubbish still remain, however, 
and must be provided for in other ways. 

Two methods of feeding garbage have been used (Tully, 1945): Platform 



Figure iyj. Garbage disposal by platform feeding to hogs. This method is much to 
be preferred over gTound feeding, as a larger percentage of the garbage is consumed. If 
the platform is washed daily, no serious fly menace need ensue. (Photo supplied by the 
United Slates Public Health Service of the Federal Security Agency.) 


feeding is probably preferable from a sanitary point of view; also, a larger 
percentage of the edible garbage is usually consumed. At the close of each 
day’s operations, the platform should be washed down, preferably with water 
under pressure, and the unconsumed garbage should be collected and buried. 
If conscientiously followed out, this program eliminates practically all nui¬ 
sance in the form of odor, and the premises present a reasonably attractive ap¬ 
pearance at all times. Liquid waste resulting from the washing should be 
given tank treatment, after which soil absorption can be relied on to do the 


rest. 
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Ground feeding is more messy, results in unavoidable odors, and is far more 
encouraging to the production of flies. A given spot should never be used on 
successive days, and good management requires that not only the unused 
garbage but also the day’s deposit of hog manure should be collected each day 
and buried. 

Either method results in some fly breeding and inevitably encourages the 
rat population as well. However, if a sufficiently isolated location can be pro- 



Figure 153. One type of garbage incinerator, used in a resort area. View shows in¬ 
clined roadway to charging floor. (Courtesy of Michigan Department of Health.) 


vided, away from all human habitation, hog feeding may prove a very eco¬ 
nomical procedure. Since the economy depends very largely upon satisfactory 
marketing of the pork produced, it is but sound practice to have all animals 
immunized against hog cholera. Another hazard attendant upon the feeding 
of raw garbage is the possibility of infesting the hogs with Trichinella. Rats 
also are potential reservoirs of trichinosis, and hogs which may have escaped 
original infection may easily acquire it by devouring a dead or dying rat. 
Many public health authorities hold that garbage should in no case be fed to 
swine until it has been cooked at a temperature sufficiently high to destroy the 
parasites. 

Incinerators. Many municipalities have adopted incineration as a satisfactory 
and sanitary method of dealing with food wastes. A great many incinerator 
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plants fail to give complete satisfaction, either because of poor design, bad 
construction, or careless operation. The principal features to be borne in mind 
in constructing the incinerator are: (i) a combustion chamber large enough 
to more than take care of peak loads, (2) some provision for the arresting of 
dust, (3) an arrangement for providing preheated air with sufficient draft to 
maintain necessary high temperatures, and (4) a smoke stack of sufficient 
height to carry off and disperse all products of combustion. 



Figure 154. First step in providing for a sanitary fill. The trench may be cut with a 
bulldozer, power shovel, or dragline. (Courtesy Division of Health Education, Wisconsin 
State Board of Health.) 


Skill in operation is of great importance, and the task can scarcely be left to 
persons of inferior intelligence or irresponsible attitude. The temperature of 
the combustion chamber should not be allowed to fall below i, 250°F. An 
average of i, 400°F is considered necessary for complete combustion. A high 
standard of cleanliness within and around the plant must be insisted upon. 
This applies also to vehicles used in hauling. 

Grinding and disposal by sewer. This method may be regarded as still in 
the experimental stage. Obviously, only communities with adequate sewer 
capacity are in a position to attempt it. Some of the same disadvantages are 
encountered as with the use of hogs, in that metal items, such as cans, as well 
as other forms of rubbish not well adapted to maceration, must be collected 



THE HOUSEFLY 


446 

separately or otherwise eliminated before grinding can take place. Neverthe¬ 
less, the method has attracted considerable interest in recent years, and the 
result of present trials should prove or disprove its practicality. 

Reduction. The object of this process is the recovery from the garbage of 
certain valuable ingredients such as grease, glycerine, or alcohol. This is ac¬ 
complished by cooking, after which the residue is pressed dry and sold for 
fertilizer under the name of “tankage.” Because reduction plants are expensive 
to build and to operate, this method of disposal is not recommended for cities 



Figure 155. Compaction of garbage and refuse in sanitary fill. It is necessary that the 
material be thoroughly compacted before coverage. Garbage and refuse are collected 
and disposed of without separation, which effects a saving in both time and equipment. 
(Courtesy Division of Health Education, Wisconsin Stare Board of Health.) 

of less than 100,000 population. At least two nuisances are created by the plant 
itself. The first relates to the offensive and penetrating odors from the cooking. 
The second has to do with the liquid waste or “stick liquor” that is pressed 
out of the tankage. This has such a high organic content that its discharge 
into streams constitutes a serious menace to fish. Since the income derived 
from the sale of grease and tankage is highly variable, few municipalities seem 
inclined to undertake the financial risks which this method of disposal in¬ 
volves. 

The sanitary fill. The sanitary fill seems to be gaining in popularity in many 
American communities, both large and small. The steps involved are as 
follows: 
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1. Selection of a disposal site sufficiently isolated from residential areas to 
avoid adverse effect on property values. It may, however, be much closer to 
town than an open dump, hog farm, or incinerator, as neither odors nor fly 
breeding will be of significant importance. 

2. Provision of proper equipment for excavation work, such as drag lines, 
power shovels, or bulldozers. 

3. Cutting of a trench, as shown in Figure 154, by means of equipment 
listed above. 



Figure 156. A sanitary fill in operation. Foreground shows excavated trench. Back¬ 
ground illustrates completed fill and working face of garbage and refuse. (Courtesy 
Division of Health Education, Wisconsin State Board of Health.) 


4. Dumping of mixed garbage, ashes, and rubbish into the excavation. 
Great economy is effected here, as separate collections of special types of refuse 
involve special equipment and much additional labor. 

5. Thorough compaction of the refuse. This is usually accomplished by 
driving a roller or caterpillar type of vehicle over the pile at slow speed. 

6. Prompt covering with from one to two feet of earth. Earth removed in 
connection with the original excavation should be piled nearby in anticipation 
of this need. 

Each day’s deposit should be covered and made a closed unit before the next 
day’s collections arrive. Coverage of 24 inches is much to be preferred over 12, 
as the lesser amount cannot be relied on to give complete protection against 
flies, odors, rats, or the possibility of fires. 
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Engineers recommend that the compacted garbage should not exceed eight 
feet in depth; in fact, six is probably to be preferred. Care should be exercised 
to maintain adequate covering on the working slope as well as on the finished 
surface. 

The success of this method will depend chiefly upon prompt handling of 
collections. Equipment should be planned to take care of peak loads and to 
keep operations normal regardless of breakdowns. In latitudes where frozen 
ground makes excavation difficult or impossible in the wintertime, ditches 
and material for covering can be made ready in the fall and the program con¬ 
tinued through the colder season with a minimum of labor and machinery. 

DISPOSAL OF ANIMAL MANURE 

The greatest source of flies in the past has been the neglected piles of animal 
manure on farms and in the vicinity of stables. Military units have less of this 
type of problem than formerly, though some cavalry and artillery animals are 
still used, and pack animals, in the case of mountain troops, at least, are a 
practical necessity. A certain number of horses for sport and recreation, as 
well as for ceremonial purposes, will doubtless be maintained about military 
posts for many years to come, and whatever sanitary problem their presence 
creates must be given proper attention. The greatest menaces to the health of 
a cantonment are those situations in which native populations, not wholly 
under the control of the military, are maintaining animals nearby. 

Care of Animal Quarters 

It need scarcely be pointed out that frequent and thorough cleaning of 
stalls, alleyways, and feedboxes is essential in the prevention of fly breeding. 
Relatively small amounts of material in the corners of mangers and feedboxes 
can produce many flies. The best stable floors are of concrete, but even these 
are no guarantee against fly breeding when manure is allowed to accumulate. 
If plank floors are used, a little borax should be sprinkled along the cracks 
every two weeks. Plank floors laid above concrete are sometimes advocated 
for the comfort of the animals, especially if the latter must stand long hours 
in the stalls. Under more primitive conditions, where earth floors are neces¬ 
sary, the surface should be packed hard. When this becomes soaked with 
manure and tends to loosen, it should be removed and replaced. 

Spreading on Fields 

The best and most effective disposal of animal manure consists of daily 
spreading on agricultural land. By this means the manure is permitted to dry 
out quickly, in which condition it cannot support larval development. The use 
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of modern spreaders contributes to this end by ensuring complete fragmenta¬ 
tion. Besides preventing the accumulation of a large amount of manure in 
the vicinity of the barns, this method also assures maximum benefit to the 
soil, since all stages of decomposition take place in direct relation to the land 
on which the crop is to be planted. A better understanding of good agricultural 
practices has resulted, in recent years, in many more American farmers’ fol¬ 
lowing this procedure. Efficiency in removal is often achieved by standing 
the spreader close to the animals, indoors, so that cleaning of the stables or 
stanchion drops is combined with loading. Larger establishments will require 
a manure car supported by a track which leads out of doors, either to a definite 
receiving point or to a boom by means of which a number of locations can be 
used. In more northern latitudes direct dumping into the spreader is best car¬ 
ried out beneath a shed. This not only avoids filling of the spreader box with 
snow but also makes it less likely that the manure will freeze to the point 
where its solid state interferes with the action of the blades and gears. Ex¬ 
posure of such a valuable piece of equipment at any time of the year is cer¬ 
tainly undesirable. In regions with a heavy snowfall, regular spreading on 
the fields in winter is out of the question, hut of course no flies will breed so 
long as freezing temperatures prevail. The important point to check for here 
is whether manure allowed to accumulate near the animals, in closed barns, 
is not actually producing flies, even in the winter. 

Storage in Pits or Bins 

When, for one reason or another, daily disposal is not feasible, provision for 
storage becomes essential. If the location is somewhat permanent and the 
situation therefore warrants the expenditure, a box or pit of concrete con¬ 
struction is probably the most desirable equipment. Doors, which may be of 
wood or metal, close the pit from above, and if they are properly fitted, the 
device will be practically fly-tight. Under practical conditions this ideal may 
be difficult to maintain, and some prefer to arrange a flytrap at the top to re¬ 
ceive the few emerging flies, production of which was formerly considered 
inevitable. Modern procedure usually dispenses with this, however, as a small 
additional expenditure can render the pit actually flyproof. The best-designed 
bins communicate both with the barn and with the outside, for ease in han¬ 
dling the manure. Wooden bins can be substituted for concrete if the planks 
are treated with creosote or coal tar. 

Platforms as Maggot Traps 

The use of manure platforms for temporary storage has proved to be fairly 
satisfactory so far as the fly problem is concerned. The best type of platform, 
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which is of concrete, slopes downward slightly at one corner. On all four sides 
is a level, concrete trough in which liquid manure as well as rain water may 
accumulate. It is essential that some liquid be in the trough at all times. Care 
should be taken in stacking the manure to ensure that none overhangs the 
outside of the trough. The stack will of course attract flies, from whose eggs 
larvae will emerge. It is normal, however, for third-stage larvae which are 
approaching the time for pupation to forsake the high temperature of the 
heap and seek nearby soil for transformation. Their attempt to do this results 
merely in their accumulation in the trough, where they either drown or die 
while attempting pupation in an unsuitable environment. Cragg (1920) ad¬ 
vocates frequent changing of water in the trough, to prevent mosquito 
breeding. 

Various equivalents of this procedure have been advocated by different 
workers. Climate, geographical location, and economic factors affect local 
practices. A number of procedures will be briefly reviewed. 

Baber (1918, 1925) utilized a metal overhang around the margin of a trench 
to prevent escape of larvae. This was six inches wide, and bent down one and 
a half inches. Besides the trench, a sump was provided for the collection of 
fluids. It was Baber’s practice to return to the manure all liquids in both sump 
and trench, to assist in fermentation. 

Copeman (1916) found close packing of manure directly upon the ground 
quite effective, providing the soil was treated with mineral wood-preserving 
oil at the rate of one gallon per hundred square feet. 

Haydon (1922) used enclosures of wire mesh on brick or cement platforms 
to contain the manure. A channel sunk in the platform around the enclosure 
trapped the migrating larvae. Sergent and Sergent (1934) combined the wire 
enclosure with Baber’s sheet-iron gutter lip, for composting under rural con¬ 
ditions. They advocated two platforms, so that the full one might be left un¬ 
disturbed for a time. Many of the larvae in the gutter were consumed by birds. 

Hutchison’s early maggot trap (1914, 1915) consisted of a wooden platform, 
ten by twenty feet, made of boards one foot apart and supported by legs one 
foot high. This stood on a concrete base twelve by twenty-two feet, with a rim 
of concrete four inches high all around. Three and a half to four feet of manure 
were piled on the platform and one-half inch of water was maintained in the 
basin. The manure was sprinkled daily. Hutchison reported that 98 per cent 
of all larvae were destroyed. 

A similar principle was utilized by Gorodetzskii and Sukhova (rpjbb), 
who advocated storage in covered boxes standing on four-inch legs. The bot¬ 
toms of the boxes were of wire netting. Instead of utilizing water to entrap 
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migrating larvae, these workers treated the earth beneath with “still residues” 
at the rate of 3.2 pints per square yard. Ten days later, enormous numbers of 
larvae were found dead upon the ground. 

Ramakrishna (1935) describes four types of maggot traps suitable for use in 
India. All are based on the principle that the mature maggots migrate from 
the moist medium to seek a drier situation for pupation. He states that the 
manure should be kept moist and be renewed every four to five days. 



Figure ij 7. Poor disposal practice. Both horse manure and rubbish are here being 
used to fill low ground along a beach near the center of town. Use of rubbish as a fill 
is not objectionable if daily covering and packing are provided for, and if it does not 
make the location offensive. (Courtesy of Michigan Department of Health.) 


The Biothermic Principle 

Stacking the manure in connection with the operation of maggot traps also 
causes the production of a great amount of heat within the pile, due to fer- 
mentive action. This itself is destructive to most larvae. 

Fay (1939) made a rather careful study of maggot control at the University 
of Illinois and reported that whereas larvae will develop between iio°-ii6°F 
, (43.3°-46.6°C) if the medium is sufficiently moist, 120° F (48.9°C) is always 
lethal to them. For this reason the maggots usually survive only in the outer 
four inches. He advocates piles nine feet tall, in ricks, as having less horizontal 
surface. Two methods of treating the top five inches are recommended. The 
first makes use of sixty-pound roofing paper, overlapped three inches and held 
in place by bricks. By this means the temperature can be raised to a point some 
40°F higher than that of the surrounding air. The alternative procedure em- 
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ploys a paper-covered burlap sheet Impregnated with creosote, with the edges 
staked down. This is left in place for five days after the completion of the 
pile. By this means 90 per cent of the larvae can be destroyed. It is still neces¬ 
sary to provide a ditch around the bottom to trap the surviving maggots as 
they attempt to migrate for pupation. 

Roubaud (1936) points out certain difficulties in achieving control by the 
biothermic method in rural France. Steam given off by horse dung quickly 


Figure 158. Prevention is better than cure. Winter hauling of manure, where cli¬ 
matic conditions permit, is most desirable, from the standpoint of both fly control and 
soil fertility. (Courtesy of Deere and Company, Moline, III.) 

rots tarpaulins or equivalent covers. Furthermore, if any such steam passes 
through, flies will be attracted to oviposit on the cover itself. Another factor, 
really an economic one, is that covering the heap deprives barnyard fowl of 
the surface maggots, from the peasants’ standpoint an important item in the 
food supply of the birds. Roubaud advocates placing fresh manure in a hollow, 
scooped out at the top of a fermenting pile. Most of the fly eggs will thus be 
destroyed by heat. Best results are achieved if this is carried out in a pit with 
vertical walls. Only the surface layers will then contain larvae, and these can 
be reached by fowls. Under such favorable circumstances a single hen may 
discover and consume as many as 1,000 maggots a day. 

Parisot and Fernier (1934) prefer closed receptacles, in which the manure 
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may be watered without contamination of soil. They state that the tempera¬ 
tures generated range from 30°-40°C (54°-72°F) higher than in ordinary 
stacks or heaps. These workers were particularly concerned with conditions 
in Lorraine, where contamination of wells from barnyard manure is an im¬ 
portant problem. 

Schuckmann (1923) considered that the heat method of handling manure 
satisfied all requirements, especially since it is so much more economical than 
treatment by chemicals. 

Cory (1918) reported 95.8 per cent destruction of all maggots over a three- 
year period by merely packing the manure closely and watering the heap. All 
leached materials were returned to the manure to conserve its agricultural 
value. 

For handling manure in town, the Sergents (1934) designed twin chambers 
of concrete, on pillars, so that a cart might be run beneath. Each chamber had 
a capacity of eighteen cubic yards, and was filled through a trap door in the 
top. After filling, the chamber was left undisturbed for eight days to permit 
fermentation. The manure was then dumped into the cart. Liquid manure 
was drained away by a pipe, to an enclosed pit. 

Allnutt (1926) describes the Bermuda method, in which horse manure is 
stored in enclosures built of limestone. Each bin contains the manure from 
one horse and becomes filled in about ten days. Fermentation is then allowed 
lo continue ten days more, during which time water is added daily if no rain 
occurs. The heat of fermentation kills most larvae, while those which do come 
through fall into a gutter containing water treated with cresol. An overhang¬ 
ing edge discourages escape from the trough. While the bin is filling, it is 
necessary to transfer the outside portion into the center every two days. The 
filled bin can be made less attractive to flies if covered with oiled earth or 
with straw or litter which is burned to form an ash. Such elaborate care as¬ 
sumes the availability of plenty of labor at low cost. 

Chemical Treatment of Manure 

Several chemical substances have proved valuable for the control of fly 
breeding in manure. It is sometimes advantageous to employ chemical treat¬ 
ment as a supplementary measure along with fermentation and maggot 
trapping. 

Hellebore. This is a plant material which has the advantage of not affecting 
the microorganisms which accomplish fermentation and render the manure 
valuable from an agricultural standpoint. One-half pound of hellebore pow¬ 
der should be stirred into ten gallons of water. The mixture is then stored for 
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twenty-four hours. Livestock must not be permitted access to the preparation, 
as it is somewhat poisonous. This amount will treat from eight to ten bushels 
of manure. Application is usually by means of a sprinkling can. 

Borax. Borax is an old favorite for the treatment of manure but, when used 
in excess, may injure crops on certain types of soil. Eighteen ounces of borax 
to thirty gallons of water makes a satisfactory preparation. After storage for 



Figure ,159. Hauling out manure that has been stored. If storage conditions are 
flyproof, there can be no criticism of such a procedure from a sanitary standpoint. The 
soil is most benefited, however, when fresh manure is spread immediately. (Courtesy 
of Deere and Company, Moline, 111 .) 


twenty-four hours, it is ready for use. Two and a half gallons will treat the 
manure produced by one horse in a day. The rate of application is approxi¬ 
mately eleven ounces of borax to eight bushels of manure. Manure so treated 
may be spread on fields up to fifteen tons per acre without danger of injury 
to crops. All risk may be eliminated if the manure is piled compactly, so that 
only the surface layer need be treated. Borax may also be used for treating the 
soil about garbage pits, pigpens, and chicken yards. 

Sodium arsenite. This is effective against both the larvae and the adult flies. 
It is a dangerous poison, and also stops fermentation. Its use is therefore indi¬ 
cated only when the question of fly control is paramount to other considera- 
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tions. Four pounds of arsenite of soda are first dissolved in fifty gallons of 
water. Two quarts of molasses are then added to make the poison attractive. 

A o.i per cent solution of commercial sodium arsenite, equivalent to a con¬ 
centration of two pounds per ton of manure, is reported by Howell (1942) 
as proving harmless to crops. Boyd (1922a) has suggested the substitution of 
ammonium fluoride for sodium arsenite in treating stored manures. 

Sodium fluosilicate has also been advocated as a larvicide. Marcovitch and 
Anthony (1931) found it more effective than borax, and recommended daily 
spraying of the manure with a saturated solution. They found 300 pounds per 
acre not detrimental to plant growth. 

Sodium cyanide. This chemical is not practical because of difficulty of ap¬ 
plication and great danger from cyanide gas. All immature stages of flies can 
be destroyed by its use, as shown by the experiments of Teichmann (1918), 
who found 0.1 per cent lethal for eggs, 0.25 per cent for larvae and pupae. 

Chemicals with fertilizer value. A combination of calcium cyanamid and 
superphosphate (acid phosphate) has been found to give almost complete 
control of fly breeding. These are scattered dry over the manure pile at the 
rate of one-half pound (of each) to a bushel of manure. Water is then ap¬ 
plied. These substances add nitrogen and phosphorus to manure, thus enhanc¬ 
ing its value as an augmenter of soil fertility. Surface (1915) was an early 
advocate of the use of phosphate rock. Grandori (1938) contributed important 
studies on calcium cyanamid. 

Crude oil. Crankcase oil or crude petroleum can be used to destroy all stages 
of flies in stored manure, but these render the latter almost worthless as fer¬ 
tilizer. 

Chemical substances used to treat manure may be evaluated from three 
standpoints: (1) their larvicidal power (desirable), (2) their bactericidal 
power (undesirable), and (3) their chemical effect on the manure (which 
may be good or bad, as proved by subsequent effect upon crops). Cook, 
Hutchison, and Scales (1914) tried out many substances, and of the items then 
available, borax, with a larvicidal power of 99 per cent, seemed most satis¬ 
factory. 

Use of Live Steam 

Under certain circumstances, cooking the manure with live steam is highly 
satisfactory. There must, of course, be a source of steam, under moderate 
pressure. Boxcars that have been used for shipment of livestock may be treated 
in this manner, and flies in all stages of development will be destroyed. Fer¬ 
mentation is arrested, but will continue as soon as microorganisms once more 
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gain access to the material. Such manure may be safely spread on lawns with¬ 
out danger of fly production and without reduction of its fertilizer value. 

Special and Emergency Disposal 

In Gallipoli (Atkinson, 1916) it was the practice to burn the manure in 
field incinerators. In wet weather the manure was buried at sufficient depth 
lo prevent fly breeding. Such procedures permit no use of the excreta for 
agricultural purposes, and can be justified only as a military expediency. Carr 


Figure 160. A modern sewage disposal plant. This view of the sewage treatment 
plant at Traverse City, Michigan, shows how utility may be combined with attractive 
landscape design. (Courtesy of Michigan Department of Health.) 

(1927) also advocated incineration of manure not required for agricultural 
purposes, as did Davidson (1918) and McDonnell and Eastwood (1917). 
Marett (1915b) developed in Rouen a routine procedure wherein a narrow- 
gauge railway was used to carry manure to a large depression where it was 
dumped and covered with earth. The latter was then planted with grass and 
other seeds. He also employed incineration. 

Brazil (1926) obtained fair results by merely mixing dry earth with animal 
manure, in the proportion of 1 to 2. This prevented movements of the larvae 
necessary to feeding. Only animal manures could be handled in this way, 
however, as it was impossible to obtain a homogeneous mixture with human 
feces. 
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In Denmark pig manure is much preferred over horse or cow dung as a 
breeding medium by flies. Thomsen (1934, 1935a, 1936, 1938) recommends a 
layer of cow dung over pig dung, as a deterrent. Seaweed or peat moss may 
be used if cow dung is not available. He also advocates a tarpaulin made of 
old nitrate bags, to insure biothermic control. 

Brain (1918) made large-scale disposal of manure from military units in 
East Africa by preparing huge pits in sand dunes, 20 by 70 feet across and 
10 feet deep (where clay was encountered). One foot of manure was covered 



Figure 161. Sewage disposal plant at Dearborn, Michigan. An attractive, dignified 
building, with operations well concealed from highway. (Courtesy of Michigan Depart¬ 
ment of Health.) 


with three-fourths of an inch of sand or ashes and was rolled down. Full 
trenches were finally covered with a foot or more of soil or sand and rolled 
for three days. The stored material was later sold for agricultural purposes. 

The use of manure as fuel, practiced in some regions, combines disposal 
with economic gain. Nikol’skii (1945) points out, however, that intelligent 
handling must be employed. In Ferghana, for example, it is the practice of 
the people to prepare sun-dried bricks of cow dung, called “kizyak,” for this 
purpose. If the cakes are made not more than eight centimeters thick, and if 
they are turned repeatedly during drying, there is little danger that flies will 
breed in them during the process. It is best to utilize manure not more than 
five days old. 
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DISPOSAL OF HUMAN FECES 

This subject divides itself into two categories: (i) the disposal of sewage 
by cities and towns, and (2) disposal by the family or private individual whose 
establishment is so located that connection with a public sewer is impossible. 

Municipal disposal of human waste is a problem so many-sided in nature 
that anything approaching an adequate discussion would be impractical in 


Figure 162. Sewage disposal plant in operation. This view shows primary clarifier and 
sewage drying house at Battle Creek, Michigan. (Courtesy of Michigan Department of 
Health.) 

a volume of this character and size. It is sufficient to say that direct dumping 
of untreated sewage into rivers and lakes is being increasingly frowned upon. 
Sewage disposal plants, in whiph engineering control of bacterial action ac¬ 
complishes conversion into harmless residues, are being employed by a grow¬ 
ing number of progressive and sanitary-minded communities. Figures 160 to 
163 show several such plants which have proved satisfactory in Midwestern 
American cities. 

From a fly-hazard standpoint, the danger from dumping into natural waters 
is twofold. First, flies may feed upon floating bits of sewage, and later con¬ 
taminate human food. Second, fluctuations in stream levels may leave sewage 
stranded along banks, where both fly feeding and fly breeding may ensue. 

With a properly operated disposal plant, the first danger can be entirely 
eliminated, and the second reduced to the occasional situation in which 
partially digested or poor dewatering sludge may be temporarily exposed to 
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flies. Careful study of the local situation, and intelligent handling of opera¬ 
tions, will usually eliminate this hazard also. In a situation where fly breeding 
was actually in progress, in sludge of this character, Olson and Dahms (1946) 
succeeded in obtaining roo per cent kill of larvae by using either borax or 
kerosene. 



Figure i6j. A practical sewage disposal plant for a small city. This view shows set¬ 
tling tanks and activated sludge tanks at Muskegon Heights, Michigan. (Courtesy of 
Michigan Department of Health.) 


Private Disposal of Human Waste 
Of much greater importance from the entomological standpoint is the safe 
disposal of human excreta under rural conditions where sewers do not exist:. 
Farm homes, summer camps, and particularly resort areas can become not 
only centers of fly production but dangerous sources of epidemic disease, much 
of it soil- or water-borne. While planning sanitary conveniences in such a way 
as to eliminate fly hazards, it is therefore no more than common sense to 
guard against other means of contaminative dispersal. 

The open latrine or unhoused privy seat is of course a violation of all good 
sanitary principles. It is only justified in connection with the most temporary 
camps and never where a considerable number of campers are likely to follow. 
Earth should be used to cover the feces immediately after each deposition. A 
generous application of powdered borax, kerosene, crude oil, or chloride of 
lime is recommended at least every other day during the fly season. Habitual, 
daily treatment is safer, as it is less likely to be neglected. The location should 
be carefully selected to avoid contamination of water supply. 
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The roofed privy is no improvement, save for added privacy and protection 
from the weather. The receptacle is the important feature. Lumsden, Stiles, 
and Freeman (1917) make this statement: “Proper disposal of human filth 
requires that from the time it leaves the body, to the time it is finally destroyed, 
none escapes to be scattered about.” 

Natural agencies for purification, such as microscopic organisms, sunlight, 


Figure 164. The insanitary privy. Upper: A structure that has no desirable feature, 
not even privacy. Lower: Sanitarian points out deficiencies. Privy house need not be 
flyproof, but seats and pit should be. (Photos supplied by the United States Public Healdr 
Service of the Federal Security Agency.) 
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air, soil, and water, should not be overlooked, and can be utilized to serve hu¬ 
man need; left to themselves, however, they can no longer be relied upon to 
protect human health, at least where any concentration of population is likely 
to occur. 

The proper construction of a sanitary privy is only an initial step. Proper 
use, proper upkeep, and proper disposal of the contents are also essential. The 
last requires more planning and attention than any other phase, and is most 
often neglected. Several types of sanitary privies will be briefly described. 

The conventional pit privy, as usually constructed, is rarely sanitary. It 
may, however, be made so by careful planning. Two things are important. 
Seat holes must have tight-fitting lids, and flies must be prevented from 
having ingress between sills and foundation. The latter is best accomplished 
by pouring a reinforced floor of concrete, three inches in thickness, in which 
are embedded vertical bolts for anchorage of the two-by-fours that constitute 
the sills. A desirable type of seat consists of an iron riser sealed into the con¬ 
crete and covered by a hinged lid. A horizontal vent, protected by a disc of 
screen, may be made to run between the riser and the outside. 

A pit forty-two inches square and five feet or more in depth is adequate. 
In looser soils, especially, it will be found necessary to brace the sides of the 
pit with boards, to prevent caving. The earth obtained by excavation may be 
used to provide a radial slope, by which rain water is drained away from the 
foundation on all sides. Assuming a single-slope roof, one may guard against 
erosion at the rear by arranging against the wall of the privy a sloping rack 
of wood, covered by a panel of sheet metal. If a gable roof is used, it will be 
necessary to provide two of these, one on either side. 

Since the bottom of the pit is of earth, there is nothing in this arrangement 
to prevent pollution of the soil or nearby underground waters. Such a privy, 
therefore, should never be located within one hundred yards of a well or 
upon a slope above a well or spring. Low ground will be found desirable, 
‘in most instances, but if too low a point is chosen, the pit may come to contain 
standing water. When this occurs, oiling may prove necessary to prevent the 
breeding of mosquitoes, which, because of their smaller size, sometimes gain 
access through apertures too small to admit flies. 

When the pit is nearly filled with excrement, the house is moved and 
placed over another pit. The old concrete floor is usually left in place, the 
riser removed, and the hole permanently sealed. If the floor is removed, as 
will always be the case where the floor is of wood, the pit should be filled up 
with earth. 

Surface privies with open backs (and no pits) are malodorous and certainly 
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Figure 165. Scale model of sanitary pit privy, with vertical vent. Such a structure 
comes very close to being 100 per cent flyproof. (Photo supplied by the United States 
Public. Health Service of the Federal Security Agency.) 

screened center, to insure constant ventilation. A modification of this scheme 
is the boxed can, where the actual receptacle is set within a fly-tight box, the 
top of which serves as a seat. Two, or even three, sides of the box may be 
screened for ventilation, while the fourth swings on hinges for removal of the 
can. Both ventilation and removal will be facilitated if approximately two 
inches of clearance are provided between the can and the box top. The hinged 
lid which closes the hole should be arranged to drop into place when the 
privy is not in use. Either type of convenience described above may be in- 


unsightly, but even these can be rendered flyproof by closing in the open side 
with screen. If this is toward the south, the sunshine will aid greatly in drying 
and deodorizing the material. 

The simplest type which guards against soil pollution consists of a heavy, 
watertight can fitted with a wooden cover which also serves as a seat. The 
hole in the latter is covered with a hinged lid which may be provided with a 
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stalled in any suitable outbuilding, but a separate privy house is more satis¬ 
factory under most circumstances. The receptacle box may be a separate unit 
or it may be built into the wall of the privy itself, in which case removal of 
the receptacle may be from outside. All outside surfaces should be painted, 
to guard against weathering, warping, and loss of a flyproof fit. Almost any 
existing privy, no matter how unsanitary, can be rendered safe by the method 
described above. A ventilating flue, from box to outside, preferably through 
the roof, aids greatly in reducing offensive odors. Odors should be further 
reduced by the use of lime or other drying or deodorizing agencies, so that 
the privy will not become a center of attraction for flies seeking contact with 
the fecal material. 

A galvanized can or bucket of one-bushel capacity makes a good receptacle. 
Its life will be prolonged if the interior is painted with coal tar, which also 
makes cleaning easier. At each emptying the can should be inspected for pos¬ 
sible leaks. In northern latitudes the contents may freeze, particularly if much 
liquid is present. If this occurs, the application of a very moderate amount of 
heat, by pouring hot water against the sides, will cause the mass to slide out in 
a solid block. 


Permanent Receptacles 

To avoid the frequent handling of waste material, permanent receptacles 
of larger size are often used. The simple vault privy is widely known. The 
chief problem here is to design the vault so that periodic removal of excre¬ 
ment is not too difficult. A concrete pit with sloping walls front and rear is 
recommended. By having the rear slope extend well beyond the back wall 
of the privy, provision can be made for an inclined trap door, which may be 
lifted out of the way when cleaning is in progress. 

Final disposal of privy contents may be by burning, by discharge into a 
sewer, usually through a manhole, or by burial, with or without the use of a 
disinfectant. 


The L.R.S. Privy 

This design was proposed by Lumsden, Roberts, and Stiles in 1910, to take 
advantage of natural fermentation as an agent in the reduction of human 
wastes. The pit consists of a watertight barrel, tank, or vault approximately 
three-fourths filled with water. At this level a T-shaped pipe, two inches or 
more in diameter, is installed, with the stem of the T leading horizontally 
from the tank. Its destination is a watertight chamber, pot, or barrel, which 
receives the liquid effluent. Both ends of the vertically disposed portion of 
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Figure r66. Construction of sanitary pit privy. Upper: Toilet scat, sealed 
in cement floor, over pit. Embedded bolts are for anchoring superstructure to 
foundation. Lower: Flyproofing the horizontal vent. Flies may be attracted 
into vent pipe by odors, but can get no farther than the screen. (Photo supplied 
by the United States Public Flealth Service of the Federal Security Agency.) 

the T are covered with wire screen. Splashing may be avoided by a layer oi 
floating chips or by a horizontal board, just below the surface, the position oi 
which may be controlled by a vertical rod which passes through the seat. Afcet 
use, the antisplash board should be lowered to permit paper and fecal mattei 
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to float free in the water. It was recommended that a pound or two of old 
manure be added to the water to initiate fermentation, and that a film of 
petroleum be poured over the surface of the liquid in each container, to repel 
insects. 

The fecal material ferments in the water and gradually becomes liquid. 
Some is converted to gas. The liquid in the vault rises and the excess passes 
into the effluent tank. The residue is much less in volume than the original 
solid matter and needs to be cleaned out only at long intervals. The effluent is 
potentially dangerous and must be disposed of in some safe fashion. 

In its original design the L.R.S. privy required too much intelligent atten¬ 
tion to prove generally popular or effective. An improved model, however, 
in which both tanks were of concrete, gave better service. A convenient method 
of disposing of the effluent is to pipe it into drain tile, with open joints, and 
thus permit it to seep into the topsoil. Contamination of water supplies may 
be avoided by adding chemical disinfectants to the effluent at frequent in¬ 
tervals. 

The modification of the L.R.S. design known as the Kentucky Sanitary 
Privy employs three tanks and thus makes provision for more than one stage 
of decomposition. Such devices were the forerunners of our modern septic 
tanks, which usually discharge their effluent either into “dry wells” or distrib¬ 
uting tile. 

Special Problems 

In India, caste prejudices must be taken into account in providing sanitary 
facilities. Jolly (1925) succeeded in designing an automatic, flyproof latrine 
seat which met this need. Dhondy (1940) describes a greatly improved seat, 
which avoids mechanisms difficult for children to operate. This is controlled 
by a pair of foot rests, connected by levers and pulleys with sheet-metal lids, 
centered on pivots. When the latrine is not in use, the lids close the container. 
When the foot rests are depressed, the lids move into such a position that they 
cannot be fouled. Release of foot pressure permits the lids to return to the 
closed position by their own weight. 

Under tropical conditions night soil is usually buried under too little earth 
to give adequate protection. Stiles and Gardner (1910) showed that when 
flyblown fecal material was buried under 48 inches of clear sand, Musca do- 
mestica issued from the surface. Certain undetermined muscoids issued 
through 72 inches. Austin and Mayne (1935) recommend dumping into pits 
twenty feet deep, which are covered except for a small opening which is fly- 
proof. On the Gold Coast Otway (1926) used deep, covered pits, with a flytrap 
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near one end, at least six feet from the filling hole. A thatched-roof structure 
protected the pit from torrential rains. 

McMahon (1935) advocates the use of repellents in pit latrines. Naphthalene 
is effective, paradichlorbenzene much more so. Two pounds of the latter in 
powder form is recommended at the beginning of use, to be followed by the 
addition of four ounces every week. If maggots are already present, deterrents 
are of no value, however, as they lend merely to drive the larvae to the sides 
and edges of the pit, where many are able to transform (Corfidd, 1919). 

Phalen (1917) found daily burning out of military latrines a useful control 
measure. The box was turned back, hay or straw was thrown into the pit, and 
a sprinkling of crude oil was added before applying fire. An alternative 
method, in which the interior of the pit was sprayed with a suspension of lamp 
black in coal oil, was used when circumstances made it undesirable or im¬ 
practical.to move the box. King (1918) also records the practice of daily burn¬ 
ing out of latrines in East Africa. He likewise reported that breeding of flies 
could be prevented by use of a smoking wood fire in a perforated kerosene 
tin, suspended halfway down by means of wires. It was necessary to renew 
the fire twice a day. Deep trenches were treated by spraying daily with a 
sodium arsenite bait. 

The use of the chemical closet scarcely comes within the province of this 
volume, as families which employ this means of waste disposal usually move 
the toilet indoors, so that fly control becomes a matter of screening the prem¬ 
ises. As with all disposal methods short of a sewer connection, the success of 
the chemical toilet depends upon conscientious and careful attention. 

With the availability of a reliable supply of running water, the rural home 
is no longer dependent upon the foregoing methods of waste disposal. Indoor 
flush toilets should be installed and septic tanks employed. The ever-expanding 
program of rural electrification is rapidly reducing the magnitude of the fly 
problem in more heavily populated areas, at least in the United Slates. 

MISCELLANEOUS CONSIDERATIONS 
RELATING TO PLANNED CONTROL 

Long-range control procedures cannot always approach the ideal which 
ample funds, elaborate machinery, and expensive or highly trained labor make 
possible. Under less favorable economic conditions, one must do the best he 
can. The exact procedure will vary with geographical and climatic factors. 
Thus Pruthi (1946) developed a control method in Delhi by preparing pits of 
sufficient size to receive a week’s supply of dung, litter, and garbage, which 
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was gathered daily from the vicinity of human dwellings. Care was taken that 
no debris should be overlooked. At the end of the week, the pit was sealed by 
applying three layers of earth, each four inches in depth. Each layer was well 
pressed down, and the top two inches were converted into a plaster by water¬ 
ing. When sealed in by this method, no larvae lived more than six hours. The 
method failed only in very wet weather, when all the earth used was oozing 
water. A little care in providing earth not oozing wet accomplished control 
even in the rainy season. Pruthi found weekly sealing more effective than the 
older method of covering each daily accumulation with six inches of soil. It 
was also cheaper. The dung was later dug up and used as fertilizer. 

In dry weather the spreading of fresh cow dung in the sun, in layers not to 
exceed two inches in depth, caused all larvae to die, and no new oviposition 
took place. Six species of the genus Mttsca were involved in Pruthi’s experi¬ 
ments, with M. nebulo and M. domestica vicina the most abundant. 

Deoras and Arjan Singh Jandu (1943) point out that Musca nebulo is the 
commonest housefly in India. Others of importance besides M. domestica 
vicina are M. sorbens, M. ventrosa, and M. conducens. To control all hve, 
these authors recommend a combination of maggot trap and fermentation 
for large-scale disposal, but for the small farms they advocate spreading the 
manure in the sun, about one inch thick, with a sprinkling of dry, powdered 
lime to repel flies. Daily raking for four days is followed by storage in pits. 

As mentioned previously, the high temperature generated in compost masses 
under certain environmental conditions is itself destructive to fly larvae, a 
fact which makes it possible to effect a certain amount of control in India 
merely by careful handling of refuse dumps (Joshi and Dnyansagar, 1945). 
In the rainy season, however, the lower temperature of such masses and the 
higher relative humidity permit large numbers of larvae to develop. The 
above-mentioned workers found that either crude oil or bleaching powder 
could be used during the monsoon season to offset this condition, resulting 
in 85 to 90 per cent control without too great expense. 

One and one-half pounds of crude oil per roo square feet proved sufficient, 
as did 12 pounds of bleaching powder for the same area. In either case the 
material was applied in two doses, one on the first day following the fill, the 
second a week later. Bleaching powder was less satisfactory than oil, as it 
deteriorates in storage under monsoon conditions and is also more expensive. 

Prophylactic Use of DDT 

Methods ordinarily regarded as emergency ones may be used in long-range 
planning when conditions warrant. In military cantonments, when it is antic- 
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ipated that fly populations, originating largely in areas outside military 
jurisdiction, may become an annoyance, the routine use of DDT is strongly 
indicated. Experiments reported in the bulletin of the U.S. Army Medical 
Department for 1946 showed the comparative values of painting, dipping, 
and spraying fly screens with a 5 per cent solution of DDT. Painting the 
screens with wide-shouldered brushes at intervals of sixty days was found to 
produce an effective deposition of crystals with only reasonable expenditure of 
time and labor, and was adopted as standard procedure. For garbage racks, 
however, spraying at monthly intervals proved most satisfactory. The experi¬ 
ments were carried on at a military camp in Georgia during the summer of 
1945. Special tools have recently been devised to replace paintbrushes in the 
treatment of screens. A wool-felt strip, held rigid in a slot and continually 
moistened by DDT solution fed through holes in a rectangular container, is 
very efficient. The entire device is mounted on an adjustable pole. Somewhat 
less popular is a metal cylinder covered with carpet. The solution in this case 
escapes from the cylinder through feed holes and keeps the fabric wet. 

It should be remembered that DDT is not effective against ova, larvae, or 
pupae, but when sprayed about potential breeding areas, it does inhibit ovipo¬ 
sition, and young adults die soon after emergence because of contact. 

Scudder (1949) justifies prophylactic application of DDT by pointing out 
that heavy breeding of flies in certain areas results in such intense competition 
that long-distance migration of a portion of the fly population inevitably fol¬ 
lows. A hitherto uninfested area may thus find itself heavily invaded, unless 
protective measures are instituted in advance. A reverse form of such pre¬ 
cautionary treatment is illustrated by DDT treatment of airplanes to prevent 
survival of noxious insects which may be picked up at stopovers. Madden, 
Lindquist, and Knipling (1945) found that surfaces which had received an 
application of too mg. of DDT per square foot remained lethal after being 
wiped with a dry cloth. 

Use of DDT as a preventive measure has thus largely superseded the em¬ 
ployment of arsenic bait sprays, so popular between 1915 and 1945, especially 
in Italy. The disadvantage of arsenical preparations (usually sodium arsenite) 
lay, of course, in the danger to children and domestic animals through chance 
ingestion of the poison. 

Zymothermic Cells 

In 1938(c) De La Paz suggested a new method of disposing of refuse in 
Manila. In place of dumping he proposed systematic fermentation and reduc¬ 
tion in zymothermic cells. Such procedure generates a temperature of 140 0 - 
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i58°F (6 o°- 70°C), which is lethal to all stages of flies as well as to most 
pathogenic organisms. Offensive odors are eventually abolished and the 
residue makes a satisfactory fertilizer. 

Isaac (1944) places both fresh dung and garbage in a deep, open pit for seven 
days, during which time flies are free to oviposit. On the seventh day he adds 
a four-inch layer of heavy soil, which is rammed down and watered. Two ad¬ 
ditional four-inch layers are later added, in the same manner, producing a 
compaction through which the maggots are unable to emerge. The fertilizing 
value is retained. 

USE OF NATURAL AGENTS IN PLANNED CONTROL 

Some potential agencies for natural control have not as yet been thoroughly 
developed. The first bacterial organism to be isolated capable of causing in¬ 
fection in houseflies was Bacterium delendac-muscae, described by Roubaud 
and Descazeaux in 5923. The organism was obtained first from Stomoxys 
calcitrans, of which all infected specimens perished in from two to thirty days. 
The infection was not fatal to adults of Musca domestica if contracted after 
emergence, but when acquired by the larvae, the organisms caused death at 
the end of the pupal period. Blowflies were more susceptible, dying at the be¬ 
ginning of pupation. Stomoxys, when infected in the same manner, usually 
transformed, only to die in the adult state. These authors raised the ques¬ 
tion as to whether the newly discovered organism might be of practical use 
in fly control, but so far no serious effort has been made to test such methods. 

The well-known appetite of barnyard fowl for living maggots can be ex¬ 
ploited as a control factor where complete prevention of fly breeding is more 
or less out of the question. Thus Baranov (1939) observed that in the village of 
Mratzlin, Serbia, considerable numbers of Musca domestica, Stomoxys calci¬ 
trans and Fannia canicularis emerged from dung piled in sheds, but few or 
none from dung heaps piled in the open. The latter were accessible to barnyard 
fowl, which were very numerous in the village and which he believed respon¬ 
sible for general destruction of the maggots. Strauss (1922b) advocated spread¬ 
ing manure in thin layers so that poultry might pick out the larvae. 

A modern report on the handling of hymenopterous parasites with a view to 
combatting Musca domestica is given by De Bach (1943), who worked with 
Mormoniella vitripennis and Muscidifurax raptor. Cold storage of both larvae 
and pupae of these species was found feasible for from one to several months, 
that is, until needed for release against an increasing fly population. De Bach 
used storage temperatures ranging from o° to 23°C (32 0 to 73-5°F). The 
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adults emerged at 27-5°C (8 i. 5°F). In general, the fecundity was highest in 
those adults which resulted from larvae and pupae maintained at lowest Stor¬ 
age temperatures. 

Noel (1913) succeeded in trapping large numbers of flies by use of meat 
traps, from which the resulting larvae were fed to fishes in connection with a 
fish-culture establishment. The fly population was reduced, and Noel sug¬ 
gested that the practice might well be employed as a method of extermination. 

It would seem that use of the natural enemies of houseflies in planned control 
work has but little future value, since it can only be effective where the fly 
population is already considerable, and proper control of potential breeding 
areas should eliminate this contingency. 

DIVERSION TECHNIQUE 

Vanskaya (1942a) impregnated various substances with ammonium car¬ 
bonate, thereby rendering them much more attractive to ovipositing flies. Out 
of this work has come the suggestion that such material might be useful in 
attracting flies to cheap artificial media, which could then be destroyed. To 
my knowledge however, no large-scale, practical use of such a method has 
been tried. 


AID TO INVESTIGATION 

Long-range planning must be based on research, and the collection of speci¬ 
mens in quantity for subsequent laboratory study is a necessary part of the 
program. The ordinary insect net is not too practical, as it usually disturbs 
more flies than it captures. Furthermore, the necessary transference of the 
specimens to containers for transport is difficult and time-consuming. Field 
traps are far better, but the baits must be carefully selected so as to compete 
with other attractive materials in the surroundings, and when the investigator 
desires to study the bacterial flora of the captured flies, sterile bait must be 
provided. Another disadvantage of the conventional trap is that the catch is 
accumulated over a period of hours, and while some of the specimens are of 
desirable freshness, others are in a dead or dying state. The separation of the 
healthy flies is tedious and difficult. Again, traps must be more or less con¬ 
stantly supervised, lest they be stolen or knocked over. 

Maier and Dow (1949) succeeded in devising a conical type of net which 
meets most of these objections. This consists of a cone of 18-mesh screening 
seventeen inches high and thirty inches in diameter at the base, with a circular 
opening three and a quarter inches in diameter at the top. Upon the latter 
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is fitted a removable, cylindrical cage of the approximate dimensions of a 
standard No. 3 can. A flattened cone of screening with a central aperture 
three-quarters of an inch in diameter extends upward a short distance into 
the cylinder. The apparatus may be used in various ways, but is ordinarily 
lowered upon flies which have concentrated in some naturally attractive area. 
Skillfully operated, this device permits very few to escape. The collecting 
cylinder, if not already in position, is then fitted into place and a cloth cape 
of dark material is draped about the cone. The captured flies move toward the 
only source of available light and soon find themselves in the collecting cage. 
As the latter is lifted, a closing disc is slipped into place and secured by clamps. 
The cages with their content of living flies should be placed in a humid con¬ 
tainer for transport to the laboratory, where the flies may be anaesthetized and 
sorted for species and sex. 



CHAPTER XIX 


Newer Insecticides: 
Uses and Dangers 


There webs were spread of more than common size, And half-starved spiders prey'd 
on half-starved pies.—Charles Churchill, The Prophecy o[ Famine 

T'XDT was ihe atomic bomb of the biologists’ world. First demonstrated 
as an insecticide of more than common merit by Dr. Paul Muller, in 
Switzerland, dichloro-diphenyl-trichloroethane rose to prominence during 
World War II as superior to all hitherto discovered substances for the control 
of medically important arthropods. This was particularly true for mosquitoes 
and filth-feeding flies. Because DDT is rather slow in its knockdown effect, 
the immediate reduction in fly population was not always apparent, but a few 
days after application, barns, fish stalls, open privies, and other situations that 
had never been known to be other than fly-ridden since the dawn of history 
became essentially fly-free. Thus was opened a new chapter in the evolution 
of insect control, a chapter which seems destined to be fraught with consider¬ 
able controversy and which may well record not a few gigantic errors in hu¬ 
man judgment, should we proceed to the unrestricted use of this and similar 
materials without due regard for the possible secondary effects involved. 

DDT owes its unusual reputation first to the fact that it is not a repellent. 
Surfaces treated with 5 per cent DDT in kerosene are, after the evaporation 
of the latter, quite as attractive to flies as they were before the application was 
made. Thus there is nothing to interfere with the utilization of such surfaces 
as resting places by all manner of insects, including flies. A very brief contact, 
in the case of Mttsca domestica, is usually sufficient for irreversible damage 
to the nervous system, leading to almost certain death within a few minutes, 
or at most a few hours, after exposure. The only insects recorded as being 
able to sense the presence of DDT from afar and which usually alter their 
path to avoid contact with it, are termites (order Isoptera). These highly 
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specialized destroyers of buildings and furniture are thus clever enough to 
save themselves from the new destruction; but flies are not so clever. 

The second, and distinctive, feature of DDT is found in its residual effect. 
The wall or screen which has been rendered lethal to flies by application of 
DDT remains so for an astonishingly long period of time. Dairy barns 
have been rendered fly-free for 60, 90, or even 120 days by a single spraying 
with a 5 per cent solution in a proper carrier. 

The discussion which follows treats of DDT from five approaches: (1) 
historical notes on its discovery and development, (2) its usefulness as a mili¬ 
tary insecticide in World War II, ($) special data concerning its toxicity to 
domestic flies, (4) possible danger to the health of man, and precaution in its 
use, and (5) its possible disturbance of the balance of nature. 

HISTORICAL DEVELOPMENT 

DDT was first synthesized by Othmar Zeidler, a young German chemist, 
in Strasbourg in 1874. Its preparation was described in six lines of type in 
the Berichte der Chemischcn Gcsellschaft for that year. Neither its discoverer 
nor his contemporaries appear to have entertained any concept of its proper¬ 
ties as an insecticide. 

A11 appreciation of its economic value was the result of deliberate investi¬ 
gations by the research staff of the J. R. Geigy Company of Basle, Switzerland, 
for the purpose of discovering and developing new insecticides. The work 
began about 19^4, but it was not until 11^9 that Dr. Paul Muller, one of the 
investigators concerned, synthesized a product which showed remarkable 
insecticidal properties. Dr. Muller did not at first know that his substance was 
identical with Zeidler’s dichloro-diphenyl-trichloroethane. Its first practical 
test, against the Colorado potato beetle, was carried out under the direction 
of Dr. R. Wiesmann, entomologist at the Swiss Federal Experimental Agri¬ 
cultural Station at Wacderswill. Preliminary testing led to general use, and the 
Swiss potato crop, which bad been seriously threatened that year—due partly 
to international conditions which limited the importation of standard in¬ 
secticides—was saved. 

Further experimentation demonstrated that DDT was equally effective 
against the body louse. The Swiss product thus appeared on the market 
under two names, “Gesarol” for use as a general insecticide, and “Neocid” 
for the control of lice on the body and in clothing. 

In 1942 the Geigy Company called the attention of the American Army 
to the availability of Gesarol, and sent a small quantity to its American sub¬ 
sidiary, Geigy Company, Inc., of New York, for investigation by American 
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authorities. Under the direction of Dr. F. C. Bishopp and Dr. F. C. Roark, 
of the U.S. Department of Agriculture, Bureau of Entomology and Plant 
Quarantine, small-scale experiments were performed which abundantly con¬ 
firmed the claims of the manufacturers. This led to the organization of a 
full-scale research program under military direction, which was to result in 
general and successful use of DDT by the armed forces during the later 
years of the war. 

A special laboratory was established at Orlando, Florida, with a staff of 
twenty-nine men. Dr. E. F. Knipling, of the Bureau of Entomology and 
Plant Quarantine, was placed in charge. Dr. Walter E. Dove, chief of the 
Division of Insects Affecting Man and Animals, directed the procedure from 
Washington. The most urgent problem was to find an adequate substitute 
for pyrethrum in the preparation of louse powder for army use. There had 
been failure of the pyrethrum crop in Africa (Kenya Colony), and both the 
American and British governments were in a state of anxiety concerning 
an adequate supply of appropriate insecticides for military purposes. Within 
less than a year an excellent delousing powder had been developed, con¬ 
sisting of io per cent DDT in pyrophyllite, the availability of which enabled 
the Army to suppress quickly the serious epidemic of typhus fever in Naples 
in December, 1943. 

By use of emulsions, it was found that garments could be treated with DDT 
so that they would remain louse-free for as many as eight washings with army 
soap! 

The laboratory next turned its attention to mosquito control, especially 
the possibility of spraying mosquito-breeding areas by airplane. Both solutions 
and emulsions were used and devices were eventually perfected which would 
permit distribution by fast-flying combat planes. Both larvae and adult mos¬ 
quitoes were killed by exceedingly small quantities of material, and thus a 
new technique became available for the protection of troops from malaria, 
filariasis, yellow fever, dengue, and mosquito-borne encephalitis. 

The use of DDT against bedbugs, cockroaches, silver fish, and other house¬ 
hold and agricultural pests was also investigated, and respect for the new in¬ 
secticide increased rapidly. Flies proved particularly susceptible to its action, 
especially because of the residual effect, and both Army and Navy made exten¬ 
sive use of DDT not only about military establishments but also in and around 
war plants, wherever the fly nuisance had become severe. 

A total of fifteen American chemical companies were given military con¬ 
tracts for synthesizing DDT, and by the end of the war there was assured a 
practically unlimited supply, not only for military but also for civilian use. 
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It is a fitting conclusion to the story of DDT that in the fall of 1948, on 
recommendation of the Caroline Institute of the University of Medicine in 
Stockholm, Dr. Paul Muller was awarded the Nohel Prize in Physiology and 
Medicine, for his part in saving the lives of hundreds of thousands, perhaps 
millions, who without DDT might have perished from insect-borne diseases 
during the preceding five-year period. 

SPECIAL REMARKS ON THE PART PLAYED RY 
DDT IN WORLD WAR II 

As soon as the U.S. Department of Agriculture had demonstrated the 
promising nature of Gesarol, the findings were reported to Major General 
Norman T. Kirk, Surgeon General of the Army, and to Brigadier General 
James S. Simmons, then Chief of Preventive Medicine. There followed the 
extensive research activity already alluded to. Colonel William P. Stone, as 
Director of Sanitation and Hygiene, became personally responsible for the 
work which was to be so ably carried out by the Bureau of Entomology and 
Plant Quarantine. Colonel Stone was later succeeeded by Lieutenant Colonel 
A. L. Ahnfeldt, who had the satisfaction of seeing the most optimistic con¬ 
jectures of his predecessor justified. 

Most dramatic was the conquest of the typhus epidemic in Naples, previ¬ 
ously mentioned. Mass-dusting stations were set up in many parts of the city, 
each with a crew of from six to twenty persons. DDT powder was forced under 
the clothing either by hand pumps or by use of compressed air. Some stations 
handled as many as 5,000 persons per day. Within three months over 2,250,000 
persons had been deloused, the epidemic had been stopped, and the advance 
into Italy had been made safe for American soldiers, not one of whom con¬ 
tracted the disease. 

Further research continued under the Army Committee for Insect and 
Rodent Control, with Colonel Ahnfeldt in an executive capacity. This body 
co-operated with the U.S. Public Health Service, the U.S. Navy, the U.S. 
Department of Agriculture, the U.S. Department of the Interior, the National 
Research Council, and the Office of Scientific Research and Development. 
Laboratory and field tests were rapidly made the basis of general operations 
for the control of mosquitoes, bedbugs, roaches, and flies, as a part of the pro¬ 
gram for disease prevention among the troops. 

DDT first appeared on Army supply lists in May, 1943, and on those of 
the Navy in January, 1944. Toward the close of the war the Army Supply 
Schedule carried nine different preparations of DDT. By this time the pro¬ 
duction of DDT in the United States had reached a monthly output of 
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3,000,000 pounds. Nearly all of this was purchased by the armed forces. As 
pointed out by Leary, Fishbein, and Salter (1946), DDT thus made possible 
the return of many “thousands of young men who would otherwise have died 
somewhere far away of infectious disease.” 

Yielding to popular demand, the War Production Board of the United 
States Government released DDT for general civilian use in September, 
1945. The extensive research immediately carried on by chemical manufac¬ 
turers, who during the war were permitted to divert only 5 per cent of their 
output into civilian channels, has added greatly to our present knowledge and 
understanding of this remarkable and useful compound. This is especially 
true in connection with agricultural needs. Research in relation to military 
problems is also actively maintained. 

DDT IN THE CONTROL OF FLIES 

Effects on the Fly 

Houseflies have proved particularly susceptible to the effects of DDT. 
Already established as a favorite test insect for the standardization of in¬ 
secticides, Musca domestica came in for immediate and extensive investigation 
in determining the properties of the new material. 

Among recent studies on the toxicity of DDT to Musca domestica are those 
of Parkin and Green (1945a,b), who used a concentrate 74.6 per cent pure. 
Sprays containing 0.05, 0.1, and 0.5 per cent of the concentrate by weight, 
in kerosene, were fed by atomizer into a small chamber at the rate of 2.5 ml. 
per 18 cubic feet. The least kill by the weakest solution was 95.8 per cent in 
24 hours. The 0.5 per cent vapor always gave too per cent. The knockdown 
was slow in all these concentrations, but became complete in ten minutes when 
a one per cent preparation was used. 

Experiments on a larger scale, utilizing a room of 8,400 cubic feet capacity 
in which 12,000 flies had been released, gave similar results. Eighty per cent 
of the flies were knocked down in ten minutes and 99.5 per cent at the ex¬ 
piration of an hour. Essentially complete kill (99.5 per cent) was achieved 
at the end of thirty hours. These results followed release of 200 ml. of the one 
per cent preparation described above. 

Walls thoroughly treated with DDT in kerosene and not exposed to 
weather proved toxic to flies one year later. Action was much slower, of course, 
some three hours from the moment of contact being required before the flies 
became incapacitated; the remarkable residual effect was nevertheless clearly 
demonstrated. 
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Since the knockdown effect of DDT is so slow, many investigators recom¬ 
mend combining it with a small amount of standard insecticide, such as 
pyrethrum. The latter paralyzes the insects almost at once, so that they remain 
immobile, while the slower-acting DDT accomplishes their death. DDT can 
be dissolved in methyl alcohol, but in this vehicle it acts even more slowly 
than in kerosene. 

Parkin and Green also recorded some interesting observations on the be¬ 
havior of the flies exposed to treatment. They state that within one minute of 
being sprayed in a small chamber with 2 ml. of 0.05 to 1.0 per cent DDT in 
“Pool burning oil,” the flies moved about excitedly. Shortly afterwards those 
alighting on the glass front of the chamber lost their grip and began to slide 
slowly downward. They continued, however, to run actively on the floor of 
the chamber, stopping frequently to clean front and hind legs, wings, and 
head. These movements were very vigorous. At this stage the flies would take 
short flights if disturbed. All of these effects, however, may be produced by 
oil alone, and cannot rightly be attributed to DDT. The first true DDT symp- 
10m which these investigators observed was the failure of the legs to support 
the weight of the body, plus definite loss of co-ordination in their use. Some¬ 
times all or some of the legs on one side of the body were much more 
severely paralyzed than those on the other side. The affected flies often 
rolled to their backs and kicked their legs frantically in the air, tending at 
the same time to extrude the proboscis. A few were able to take off from 
their backs for very short, uncontrolled flights, and even after they could 
no longer take to the air, their wings would still be vibrated forcefully, result¬ 
ing in a loud buzzing, a symptom usually noted by those who use DDT in 
fly control work. After the general convulsive activity had subsided, the flies 
sometimes lay for several hours in a comatose state, with continuous, marked 
tremors and occasional spasms of the legs, which were strongly flexed at the 
femorotibial joints. A drop of clear regurgitated fluid often appeared at the 
tip of the proboscis, which was more or less extended in most specimens. The 
tremors slowly became less marked, and death finally supervened. Parkin 
and Green did not record autotomy of the legs, a phenomenon stated to 
occur by Lauger, Martin, and Muller (1944) and Wiesmann and Fenjves 
(1944). It should be remarked that about 30 per cent of the females usually 
died with the ovipositor more or less extruded. 

The manner in which DDT affects the insect’s nervous system is but in¬ 
completely understood. Yeager and Munson (1945), working on cockroaches, 
obtained evidence that the site of action for DDT lies somewhere in the nerve 
trunks between their origin in the ventral ganglia and their termination in 



THE HOUSEFLY 



478 

the muscles of the leg. Neither the point of origin nor the myoneural junc¬ 
tions appear to be involved. This is quite in contrast' with the action of nico¬ 
tine, for example, which has been shown to affect the ganglia directly. 

METHODS OF APPLYING DDT 

Zimmerman and Lavine (1946), in their popular and entertaining volume 
DDT—Killer oj Killers, summarize the methods of applying DDT in fly 
control under six heads: space sprays, aerosols, residual sprays, emulsions, 
wettable powders, and paints. 


Space Sprays 

These are. for the purpose of contacting the fly directly, usually while on 
the wing. Since immediate knockdown is the objective desired, such sprays 
usually contain a rather heavy concentration of pyrethrum or of the organic 
thiocyanates, such as lcthane or thanite. The DDT content of these sprays 
may be as little as 0.25 per cent, sufficient to accomplish the eventual death of 
flies actually contacted by it but not capable of imparting to walls and ceilings 
a residual lethal effect. It should be remarked that such a result may some- 


Figurc iby. Hand sprayer, modern type. Pumping builds up pressure in 
the atomizer head. Release of liquid is controlled by a lever near the nozzle. 
This type of dispenser was used in field applications of DDT oil sprays for 
malaria control in Guadalcanal in 1944. (U.S. Army photograph.) 
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times be built up by repeated spraying on successive days, due to the cu¬ 
mulative effect; however, this is not the purpose of such sprays, and must 
be considered merely an occasional, incidental result. Space sprays are applied 
with hand spray guns, knapsack sprayers, or power devices, depending on the 
volume of space to be sprayed and the facilities available. 

Aerosols 

These are dispensed in special bomblike containers, and may be described 
as space sprays in which the particles are so finely divided that these continue 
to float in the atmosphere for an unusually long rime, being carried to all 
parts of the room before settling occurs. The secret of the “aerosol bomb” 
goes back to the work of Thomas Midgley of General Motors Corporation. 
In his search for a refrigerant which would be nontoxic to man, Dr. Midgley 
developed a substance known as Frcon-12. This gas, known chemically as 
dichlorodifluoromethane, liquifies at —22°F, at ordinary atmospheric pressure. 
At room temperature, considerable pressure is, of course, required to keep 
it in a liquid state. Approximately 3 per cent DDT and 2 per cent pyrethrum 
extract are dissolved in Freon-12, and the solution is held captive in the metal 
container known as the “aerosol bomb,” the walls of which are made strong 
enough to contain the really very great pressure within. By manipulating a 
valve, the operator releases the charge through a very small opening. The 
spray is released at such high velocity that it breaks up into an exceedingly 
fine mist, the particles of which are much smaller than can be delivered by 
the conventional nozzles of ordinary spray guns. 

The freon evaporates at once, leaving the particles of pyrethrum and DDT 
floating in the air. During the early years of World War II, only activated 
pyrethrum was utilized in the bombs, and this in such small amounts that 
its use was practically limited to mosquito control. With pyrethrum again 
more abundant, and DDT generally available, the present formula has re¬ 
placed the emergency solution and the modern aerosol bomb promises to be 
exceedingly useful in the control not only of flies but of all manner of house¬ 
hold pests. A one-pound bomb contains sufficient spray to treat approximately 
25,000 cubic feet of space. Users should calculate the size of rooms to be 
treated and keep the valve open only the necessary number of seconds to 
provide for the release of a proper amount of insecticide. Directions are usually 
printed on the bomb itself or on the wrapper. There is no danger to man 
from releasing an excessive amount of the aerosol, but the packaging is rather 
expensive, and there is no point in wasting good material. 

The basic DDT aerosol formula for use against both mosquitoes and house- 
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flies contained 5 per cent DDT plus 10 per cent cyclohexanone. For quick 
knockdown, however, pyrethrum is considered essential, and modern aerosols 
contain a mixture of pyrethrum and DDT. Madden et al. (1946) developed 
a formula containing 3 per cent DDT, 5 per cent cyclohexanone, 5 per cent 
motor oil, and 0.3 per cent pyrethrins. This is fairly stable at low temperatures 
and is safe to use in the presence of plastics. These authors state that the motor 
oil is quite as effective as the oil of sesame used in earlier pyrethrum sprays, 
and that, like the latter, it increases the effectiveness of the DDT. 

Residual Sprays 

This is the type of application in which DDT finds its best use. Five per 
cent DDT in deodorized kerosene has become the standard preparation. This 
is about the highest concentration which can be produced by direct solution 
in the kerosene, and even then it may require days to render the solution 
complete. But it is sufficient. Walls, ceilings, doors, screens, and other surfaces 
are sprayed with the solution, Lhe object being to render toxic any and all 
surfaces on which the flies are prone to alight. One quart of spray to 250 
square feet of surface is the proper amount to apply. Workmen accustomed 
to applying older types of garden sprays may be inclined to consider this in¬ 
sufficient and will tend to waste materials. The men should be cautioned and 
supervised until they become accustomed to the handling of DDT. 

The solvent soon evaporates, leaving the DDT as an invisible deposit on all 
surfaces treated. Such surfaces remain toxic for an extended period of time; 
several months in enclosed situations, at least weeks in surfaces exposed to 
weather. The concentration recommended above is in reality greatly in 
excess of the minimum required to kill flies. In one of the original experi¬ 
ments performed by the Geigy Company, a box with glass walls was sprayed 
inside with a 0.1 per cent solution of DDT in acetone. After allowing time for 
evaporation, the experimenter wiped the treated surfaces 200 times with a 
woolen cloth. Flies introduced into the box died in a few hours. It has been 
calculated that only 0.0006 to 0.002 grams of DDT per kilogram of insects 
treated are required to bring about death. An average fly might, therefore, 
be killed by somewhat less than a billionth of a gram. 

The spraying of 5 per cent DDT in kerosene at the rate of one quart per 
250 square, feet allows for penetration into the pores of wood, plaster, and 
similar surfaces, since only that which remains on the surface is in a position 
to be contacted by the flies. 

For houseflies alone, only light applications of a 5 per cent solution of DDT 
are necessary. A light spray may be defined as one in which only enough spray 



NEWER INSECTICIDES 


481 

material is used to moisten effectively the surface treated. A heavy application, 
such as might be used against ants, carpet beetles, or clothes moths, is one 
in which the operator uses all the spray material that will remain on the sur¬ 
face without running or dripping. 

Oil sprays are, of course, inflammable, and should not be used near open 
fires. They also are less desirable for use on livestock than are the emulsions. 

Emulsions 

These are the ideal preparations for treating outbuildings and barns. The 
fire hazard is eliminated, as the amount of oil used is insignificant compared 
with the amount of water present. 

The stock solution consists of 25 to 30 per cent DDT in xylene or some 
other effective solvent. Kerosene would be useless for this purpose, as only 
about 5 per cent of DDT can be put into solution in kerosene directly. An 
emulsifying agent is then added, and the concentrate is ready for use. A num¬ 
ber of reliable emulsifiers are on the market under special trade names. 
Tegin, Tween, Chovis, Mulag, and Emulphor are examples. A desirable con¬ 
centrate may be made up as follows: 

4 parts emulsifying agent 
66 parts xylene 
30 parts DDT 

To prepare the spray, one part of concentrate is mixed with five parts of 
water and the two are thoroughly stirred together. This gives a five per cent 
emulsion which may then be sprayed on ceiling, doors, and walls. Il has a 
milky appearance. Because water is the carrier (dispersion medium or con¬ 
tinuous phase), there is some tendency for the emulsion to run and streak the 
walls, and a whitish deposit usually remains. For this reason, emulsions are 
not used in houses, as a rule, but this feature is rarely objected to in stables 
and barns. Emulsion sprays may be used on livestock and even on plants (with 
a lesser concentration of DDT). 

The solution of DDT in xylene is the dispersed phase of the mixture, its 
particles being uniformly distributed throughout the water. The emulsifying 
agent prevents this mechanical mixture from separating. 

Emulsions have been used successfully for dipping cattle, as a protection 
against flies. The dip should contain DDT in a concentration of approxi¬ 
mately 0.25 per cent. 

Deenate 25-R is a 25 per cent emulsion of DDT. 
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Wettable Powders 

A suspension of pulverized DDT in water has real advantages under cer¬ 
tain circumstances, but it is not particularly easy to achieve. Pure crystals of 
DDT are somewhat waxy and tend to cohere, forming lumps. This makes it 



impossible to grind DDT into a sufficiently fine powder to make suspension 
possible. The equivalent can be accomplished, however, by grinding DDT 
with some inert substance, such as clay, pyrophyllite, or talc. Commercial 
preparations may contain up to 50 per cent DDT. To make the powder 
disperse readily in water, small quantities of some wetting agent are added 
before mixing. Also, in anticipation of the fact that it will be desirable to have 
the particles of DDT adhere to the sprayed surface for a considerable time, 
a sticking agent is added to the powder at the time of preparation. 
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A 50 per cent wettable powder (Deenate 50-W) may be made into a de¬ 
sirable spray by merely mixing one pound with about five gallons of water. 
Like the emulsions, it may be used directly on livestock and, of course, there 
is no fire hazard. As with the emulsions, there is a white, residual deposit, 
which limits its use to barns and similar places. The actual concentration of 
DDT in the above-described suspension is about 2.5 per cent. A higher con¬ 
centration is not needed, as none penetrates the pores of wood or plaster and 
all is available to make the surface toxic to flies. Such sprays should be ap¬ 
plied at the rate of one gallon to approximately 300 square feet. In spraying 
cattle, one quart per adult horse or cow should control flies for perhaps two 
weeks. The duration of the protection is considerably cut down by exposure 
to rain. Careful attention should be given to the belly, rump, and back. 

Paints 

The residual effects obtained with DDT, gave rise to the suggestion that 
this principle might be incorporated in the manufacture of paints, so that 
newly decorated surfaces might, for a time, at least, possess insecticidal powers. 

In this connection, it has been found that conventional oil paints and var¬ 
nishes can be made to carry DDT, but the dried surface is not particularly 
lethal to insects. It appears that the surface film traps or covers the DDT in 
such a way that the flies do not make contact with the poison. Certain types 
of paints, however, have been manufactured which render a surface lethal to 
flies about as long as one treated with the usual residual sprays. For interior 
finishes, this is probably practical. Oil-bound water paints and synthetic resin 
finishes lend themselves to this purpose. The DDT is believed to migrate 
gradually to the surface, replacing the exposed particles which become lost 
through abrasion and evaporation. Among the earlier studies in this con¬ 
nection were those of Campbell and West (1944), who incorporated from 0.5 
to 5.0 per cent of DDT in oil-bound water paints and found the film lethal, 
by contact, for flies over a period of at least two months. These authors were 
not successful, however, with oil or synthetic varnish paints. 

One of the most illuminating studies of the toxicity to houseflies of paints 
containing DDT is that carried out by Gilmour (1946). Five types of paint 
were used: glossy enamel, flat oil paint (containing clay and whiting), or¬ 
dinary oil paint, emulsion type (to be mixed with water), and ordinary water 
paint. Various concentrations of DDT, containing 70 per cent p, p' isomer, 
were ground up with the paint during its preparation. Flies were permitted 
contact with the painted surfaces for different periods of time, the mortality 
being recorded twenty-four hours after first exposure. A 50 per cent mortality 
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was found to result from eight seconds’ contact with 5 per cent DDT in flat oil 
paint. Three per cent required an exposure of twelve seconds for similar re¬ 
sults, while with a 10 per cent mixture two seconds were sufficient. For 
emulsion-type paint, thirty-five seconds of contact were necessary for the same 
result, the DDT in this instance being in concentration of 2 per cent. Reduc¬ 
tion to 1 per cent required contact of sixty minutes for a 50 per cent mor¬ 
tality at the end of twenty-four hours. The tests were made fourteen to forty 
days after application of the paint. 

A 10 per cent DDT preparation of glossy enamel failed to give 50 per cent 
mortality in an hour, but 20 per cent was effective with an exposure of seven 
to ten minutes in the case of a freshly painted surface. Only a few seconds’ 
exposure proved necessary after the film became aged. The insecticidal power 
of the surface film was thus shown to increase markedly with a lapse of time. 
The same was true of a 3 per cent preparation of flat oil paint. Such increased 
effectiveness was always accompanied by an increase in visible DDT crystals 
on the surface of the paint. The nature of the solvent would appear to be im¬ 
portant in the initiation of such crystallization. In general, Gilmour’s experi¬ 
ments tend to bear out the theory that DDT must be added to the paint in 
excess of the saturation level of the solvents before crystallization can take 
place in the film. There is evidence that crystallization may proceed some¬ 
what more rapidly with crude DDT than with the pure p, p' isomer. 

SPECIAL DEVICES AND PROCEDURES 

Impregnated wallpaper has also been found effective, and may prove of 
very practical value in decorating the walls of nurseries, playrooms, and bed¬ 
rooms used by infants and young children. Rather extensive tests have been 
made by the Institute of Paper Chemistry, at Appleton, Wisconsin, and the 
results are gratifying. A quick-acting insecticide such as “chlordane” is com¬ 
monly used in combination with DDT. 

Certain insecticide manufacturers have also placed on the market novelty 
control units in the form of crepe paper rolls, to be applied as short strips on 
table legs, lamp shades, chair backs, and similar situations. These are impreg¬ 
nated with DDT, and also contain a “fly-lure” which is intended to induce 
concentration of the flies on the poisoned surface. These are offered in various 
colors, apparently without regard to possible color preference on the part of 
the insects! 
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PRACTICAL EXPERIENCE IN FLY CONTROL 

As already mentioned, some of the earliest practical tests were carried out 
by Wiesmann, who, in 1943, reported very satisfactory results from the use 
of Gesarol. One of the first tests extended over a twenty-day period and 
involved a problem of fly control in stables. Each evening from one hundred 
to two hundred flies managed to enter the stable from outside sources. None 
survived until morning, as the walls, floors, and ceilings, previously treated, 
remained toxic to all flies which came to rest upon them. 

A practical test by Smit (1945a) showed the residual effect of DDT on 
window glass. Forty square feet of the inside surface of kitchen windows 
were sprayed with approximately 10 cc. of a 5 per cent solution of DDT in 
kerosene. Every fly that entered the kitchen was killed until the windows 
were washed, 68 days later, and some mortality was noticed for a considerable 
period after that. 

Among postwar uses is the extensive employment of DDT in well-known 
resort areas hitherto pestered by an undesirable abundance of flies. In northern 
Michigan, for example, at Blaney Park, where the maintenance of riding stables 
has always favored the production of both house and stable flies, an almost 
complete control was achieved by the use of DDT in various forms. A 5 per 
cent solution in oil was employed on screens of windows and doors, aerosol 
bombs were used inside, and wettable powder was sprayed about stables, 
eaves, and porches. Control of spiders was usually achieved along with control 
of flies. Since spiders are not markedly susceptible to DDT, their disappearance 
was probably due in part to the removal of their principal food supply. 

Equally satisfactory results were achieved on Mackinac Island, where, in 
accordance with tradition, only horse-drawn vehicles have been in use for 
many years. The relief from the fly nuisance, especially during the late 
summer, was little short of striking. A noticeable diminution in the num¬ 
ber of songbirds, however, has been reported, indicating that many insects 
in addition to flies were doubtless eliminated, to the point where the former 
bird population could no longer be sustained. The possibility of the birds’ 
being poisoned by feeding freely on the dying insects should also not be 
overlooked. 

In New York State, the use of residual-type DDT sprays, combined with 
other control procedures, virtually eliminated flies from the administration 
area of Bear Mountain State Park. Two spraying operations, one in late spring 
and the other in early fall, proved sufficient. 

Cities threatened with epidemics of poliomyelitis have not infrequently 
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made use of fast-flying high-powered airplanes to control fly populations over 
considerable areas, in the belief that the fly factor in the spread of infantile 
paralysis might thus be largely eliminated. While it has been impossible to 
evaluate correctly the results of such a procedure, the considerable sums of 
money expended in these projects are indicative of the confidence which 
civilian populations have come to feel in the effectiveness of DDT for the 
control of dipterous forms. 



Figure 169. DDT to control flies in garbage tubs. Picture shows a collection point 
near refuse dump at Leghorn, Italy. Knapsack-type sprayer is being used. (U.S. Army 
photograph.) 


The fishing port of Crisfield, Maryland, became one of the early examples 
of benefit to a civilian community after the termination of the war. Utilizing 
a crew of German prisoners of war, the Bureau of Entomology and Plant 
Quarantine arranged for the treatment, with pressure sprayers, of every fish¬ 
ery in Crisfield during the last of August, 1945. On October 8, the Washington 
Evening Star reported the fly population inside the plants reduced from 95 
to 99 per cent, a continuation of the same low level obtained immediately 
after application. All outside toilets in Crisfield were likewise sprayed, with 
the result that the fly population of the entire city was reduced by at least 75 
per cent. 

Practical tests of DDT in the Province of Moscow are described by 
Derbeneva-Ukhova (1947). Dusts, suspensions, and emulsions were used. The 
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most satisfactory results were obtained by application of a suspension to work¬ 
men’s huts in a certain village during the second week of June. Application 
was at the rate of 0.3 g. of DDT per square meter of surface. Shops and 
restaurants in the same village were treated in the same manner on the ninth 
of July. By August first the fly population was determined as only 10.2 per 
cent of that in an untreated village in which natural increase had been per¬ 
mitted. The author states that the toxic effect continued for the remainder of 
the season. 

A Russian preparation known as pentachlorin paste was tested by Okulov 
in Crimea (1947). The paste, which contains 40 per cent DDT, is used as the 
basis of a spray, the application being at the rate of 10 ml. per square meter 
of surface. Specimens of Musca domestica died if in contact with freshly 
treated surfaces for 5 minutes. Eighteen to twenty hours usually elapsed be¬ 
fore death. Twenty-seven days after treatment, an exposure of 380 minutes 
was required for complete mortality. The residual effect of this material is 
obviously less satisfactory than that of other DDT preparations previously 
discussed. 

In Fiji, Lever (1946) made use of a 5 per cent solution of DDT in benzene 
diluted with water (1:6). Windows sprayed with this preparation remained 
toxic to Musca domestica vicina for ten weeks. The flies dropped after twenty- 
five minutes and were dead in two and a half hours. 

In the veterinary field, E. M. Hanawalt (1945) reported investigations on 
control of flies at Michigan State College in barns, autopsy room, surgery 
rooms, and similar situations. Power sprayers, hand pumps, electric atomizers, 
and hand guns were used. A 0.3 per cent water suspension of DDT in pyro- 
phyllite remained effective for 28 days in a well-ventilated and well-lighted pig 
barn, while a 0.6 per cent suspension continued effective for 42 days in a 
poorly lighted autopsy room. A supplementary spraying around windows 
and doors with a 5 per cent solution in kerosene, five weeks after the applica¬ 
tion of the water suspension, proved a beneficial procedure. Fly control for at 
least 42 days was secured by adding 3.6 per cent DDT to a cold-water gypsum- 
base paint. 

Practical farmers and dairymen have also been interested in the direct ap¬ 
plication of DDT to the bodies of living animals. As indicated earlier in this 
chapter, emulsions and wettable powders are suitable for this purpose. How¬ 
ever, the use of DDT on living cattle raises two important questions: “Is 
there likely to be danger to the animals?” and “How long may the residual 
effect be relied upon?” In this connection, Hackman (1947) gives interesting 
data on the factors which cause removal of DDT from sprayed cattle, thereby 
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shortening its period of usefulness. This author reports that preparations not 
exceeding 2 per cent in concentration remain effective at best from one to two 
weeks. The greatest loss is by licking, either on the part of the sprayed animal 
or by another. Of much less significance are rain, sun, and mechanical rub¬ 
bing. Of almost no consequence are flaking of the epithelium, absorption by 
skin and hair, secretions of the skin, growth and loss of hair. 

For this reason, 2 per cent is but little more enduring than 1 per cent, since 
the animals themselves remove the spray. In spite of this habit, the animals are 
not affected by the amount ingested. 

A question that sometimes arises in connection with chance ingestion of 
DDT by farm animals is whether or not the milk of a lactating animal might 
thereby be made to contain a significant amount of toxic substance. Although 
the amount involved is probably never sufficient to jeopardize the well-being 
of the female’s own young, the presence of DDT in milk has been demon¬ 
strated beyond question. For example, an interesting experiment is described 
by Telford (1945) in which milk, cream, and butter, from goats which had 
been fed measured quantities of DDT, were tested for toxicity to laboratory 
animals. Houseflies were killed by feeding on milk from a goat that had re¬ 
ceived 1 gram of DDT per 8 to 9 pounds of body weight. Sprays that con¬ 
tained butter from such animals were likewise much more toxic than similar 
sprays with an equivalent content of normal goat’s butter. 

Schechter, Haller, and Pogorelskin (1946) have done work on the quantita¬ 
tive determination of the DDT content of milk by colorimetric methods. 
They demonstrated that DDT can occur in cow’s milk up to twenty-five 
parts per million, or even higher, depending on the animal’s intake of DDT. 
This is largely concentrated in the butterfat, as shown by the fact that butter 
manufactured from milk containing 25 p.p.m. contained as much as 532 
p.p.m. of DDT. The affinity of DDT for fats was further demonstrated by 
the analysis of a sample of fat T-bone steak. DDT proved to be present to the 
extent of 178 p.p.m., but when the fatty portions were trimmed away, the re¬ 
maining lean meat showed a concentration of only 4 p.p.m. 

EFFECTS OF NATURAL SELECTION 

The remarkable success of DDT as a destroyer of flies under almost every 
conceivable condition led naturally to the most optimistic predictions con¬ 
cerning the eventual elimination of houseflies and similar forms. Such en¬ 
thusiasm, however, has been proved somewhat premature by the discovery 
tHpt not all individuals are equally susceptible to the poison and that the de¬ 
scendants of surviving flies may be relatively resistant to exposure. 
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Suspicion was first aroused in Italy and Greece when flies that seemed to 
thrive on DDT appeared in numbers, shortly after the conclusion of World 
War II. Sacca (1947) suggested that the DDT-resistant strain which was be¬ 
coming conspicuous in Italy be considered a new variety, for which he pro¬ 
posed the name Musca domestica tiberina. Since resistant strains have since 
appeared in nearly all countries where DDT is extensively used, the concept 
of a geographically limited insecticide-resistant race is probably untenable. 



Figure ijo. Knapsack-type sprayer in use. Operator is applying DDT to a manure 
pile on an Italian farm. (U.S. Army photograph.) 


To determine whether flies that survived exposure to DDT might give rise 
to races more resistant than ordinary stocks, Lindquist and Wilson conducted 
a series of experiments at Orlando, Florida, in 1948. Approximately 300 house¬ 
flies were exposed to a fine-mist spray in a ioo-cubic-foot chamber designed by 
Lindquist and Madden. The flies were exposed for two minutes to 1 ml. of a 
1 per cent DDT-kerosene spray. Approximately 10 per cent of the flies sur¬ 
vived, and with these a special colony was established. For fourteen genera¬ 
tions the procedure was repeated. Four-day-old flies, from each generation 
beginning with the third, were tested against flies from the ordinary labora¬ 
tory colony. All proved more resistant than the unselected stock. A series of 
paired tests was made on the fourteenth generation, involving approximately 
1,600 four- and five-day-old flies. The regular stock averaged 69 per cent 
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mortality; the special stock, 34 per cent. Selective breeding had obviously 
produced a strain of flies appreciably more resistant to DDT. 

This resistance, however, is not specific for DDT. Wilson and Gahan (1948) 
studied the resistance of the above-described stock to a considerable number 
of proved insecticides and in every case the survival rate was greater than 
with ordinary flies simultaneously exposed. Thanite, rotenone, chlorinated 
camphene, chlordane, and pyrethrins (plus 5 per cent piperonyl cyclonene) 
were the materials used. These were applied as space sprays in a number of 
different concentrations. These workers concluded that the selection based 
on resistance to DDT had resulted in the development of an unusually strong 
stock of flies, rather than one specifically resistant to DDT. 

It will probably prove impossible to develop a chemical insecticide, non¬ 
toxic to mammals, which is 100 per cent lethal for flies under any and all con¬ 
ditions. And where a few survive, an insecticide-resistant strain is always in 
the making. The implications of these findings are significant, as indicated 
by a popular account of certain of the above-described experiments which ap¬ 
peared in the St. Louis Post Dispatch. After stating that twice as much DDT 
was required to obtain a significant kill in the thirty-sixth generation as in the 
first, and three times as much in the forty-third, the article concludes dubiously: 
“The hope of a flyless millennium is dimmer than ever.” 

Before leaving this aspect of the subject, it should be pointed out that re¬ 
sistance to insecticides is not wholly dependent on constitutional vigor in 
the genetic sense. McGovran and Gersdorff (1945) report appreciable differ¬ 
ences in the susceptibility of flies nourished on different types of food. Per¬ 
centage kills were always higher for DDT than for pyrethrum, but by averag¬ 
ing the kills for the two insecticides, a single set of figures was obtained for 
comparing results with six different food preparations. Flies were fed the test 
food both before and after exposure to the insecticide, which was applied as 
a spray by the turntable method. 

Mortality, in 24 hours, for flies fed on equal parts of fresh skimmed milk and 
water was 42 per cent. With one part of formalin added to 1,500 parts of 
diluted milk, the average was 41; with spray-dried milk powder, 43; with 
powdered milk, 57; with dried whey powder, 71; and with granulated sugar, 
77. The last four items were fed in water, as 5 per cent solutions or suspensions. 

DDT AS A LARVICIDE 

It is usually stated that DDT is relatively ineffective against pupae, larvae, 
or eggs of common flies, and that its use should therefore be restricted to 
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the control of adult forms. While this is generally true, the experiments of 
de Oliveira and Moussatche (1947) are of interest in showing to what extent 
immature stages may be susceptible. These authors sprayed water suspensions 
of DDT on horse dung in which larvae and pupae of Musca domestica were 
developing. Concentrations of 2,000:1, i,ooo:t, and 500:1 were used. From 75 
to 99 per cent of the immature forms were either killed or developed ab¬ 
normally. Dead larvae of all stages were abundant in the treated manure, and 
many of the pupae from which no flies emerged presented an abnormal ap¬ 
pearance. In these experiments a to per cent preparation (Neocid M) was used 
as a basis for the various suspensions employed. 

DANGER TO MAN AND WARM-BLOODED ANIMALS 

DDT is a poison that, if taken into the human body in sufficient amount, 
can cause toxic symptoms or even death. When used as recommended, how¬ 
ever, insecticides containing DDT are not harmful to human health, though 
certain reasonable precautions should be taken to guard against possible ill 
effects. 

Dr. F. C. Bishopp (1946a,b) has summarized the findings of a number of 
investigators who have studied the toxicology and pharmacology of DDT. 
Essential points may be tabulated as follows: 

(1) Although DDT is toxic to all higher animals, its toxicity is less than 
that of common arsenical and nicotinic preparations long used as insecticides. 

(2) The dose necessary to produce death in 50 per cent of a test group of 
animals varies both for species and for individuals. For example, this “median 
lethal dose” (MLD), which ranges from 150 to 250 milligrams per kilogram 
of body weight in mice or rats, runs closer to 1,000 milligrams for sheep and 
goats. Cats and dogs, which are about as susceptible as rats and mice, arc 
somewhat less tolerant than horses and cows. Guinea pigs and rabbits require 
from 300 to 500 milligrams, while monkeys are more susceptible and succumb 
to an MLD of slightly over 200. Among domestic animals, chickens are most 
resistant, surviving, in most cases, a dosage of 1,300 milligrams of DDT per 
kilogram of body weight. 

(3) A cumulative dose is sometimes more dangerous than a single exposure 
to large amounts, as shown by the fact that small quantities, given daily, may 
cause death before the amount of a single, acute, lethal dose has been received. 

(4) When applied to the skin in powder form, DDT is not toxic, as dem¬ 
onstrated by the thousands who made use of DDT louse powder during World 
War II. 
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(5) DDT in oil solutions may be absorbed through the skin, with resultant 
toxic effects. 

(6) DDT is a nerve poison, as indicated by muscular tremors and other 
symptoms soon after a toxic dose is swallowed or absorbed. 

(7) Apparently an animal may not become sensitized to DDT. Complete 
recovery occurs when dosing ceases. 

Experimental data on toxicity to man are not available, but selected clinical 
observations may be cited in lieu thereof. 

Mackerras and West (1946) record mild poisoning of twenty-five men who 
ate tarts in which DDT powder had been used by mistake in place of bak¬ 
ing powder. All recovered within 48 hours. Another individual was made blind 
for two weeks as a result of getting DDT powder in his eyes. He also re¬ 
covered completely. 

Chit Thoung (1946) records the case of seventy-two members of a frontier 
force constabulary in Burma, who experienced diarrhea, vomiting, brady¬ 
cardia, dizziness, and dilated pupils after consuming contaminated rice. The 
latter proved to contain approximately 16 per cent DDT. All the affected in¬ 
dividuals recovered. 

Medical literature reports a number of scattered instances in which human 
death has followed (sometimes by many days) ingestion or absorption of 
DDT. Almost all of these cases, however, either involve the ingestion of other 
poisons along with DDT or lack complete authenticity for other reasons. 
The only record of human death by DDT poisoning which does not seem to 
have been challenged is the case of a Negro child, nineteen months of age, 
at a British base in West Africa. As repotted by Hill and Robinson (1945), 
the child drank perhaps an ounce of a 5 per cent kerosene solution of DDT. 
Initial symptoms, involving coughing and vomiting, appeared within ten 
minutes. Collapse was complete at the end of two hours, and death followed 
two hours later. Autopsy revealed that the immediate cause of death was 
edema of the lungs. Other findings included congestion of the liver, enlarge¬ 
ment of the spleen, and edema of the brain. 

Allowing for differences in physiology and anatomy, the symptoms shown 
by warm-blooded animals do not differ essentially from those exhibited 
by flies. Smith and Stohlman (1944) refer to “hyperexcitability and general¬ 
ized fine and coarse tremors ending in flaccid or spastic paralysis with occa¬ 
sional tonic and clonic convulsions preceding death by respiratory fail¬ 
ure.” 

When solutions of DDT in oil are permitted to contact the skin over a 
period of time, symptoms of general poisoning may ensue, such as headache, 
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vomiting, and elevation of temperature. Numbness, weakness, and swelling 
of the exposed region are also characteristic. 

Besides poisoning through contact with the skin and by being swallowed, 
DDT is sometimes inhaled in dangerous amounts, either as a dust or in the 
form of mists or sprays. Both oil and water preparations are applied as sprays 
and may be taken into the lungs in such a manner. Few persons will be ex- 


Figure iyi. Treating barn with knapsack-type sprayer. Soldier is applying DDT to 
interior of barn on a farm near Leghorn, Italy. (U.S. Army photograph.) 

posed to sprays in confined places for a sufficient period to suffer deleterious 
effects, but if one’s work requires it, protective masks may be employed. 

It should be pointed out that water emulsions are not dangerous when 
spilled upon the skin, as these are very difficult to absorb. It has already been 
indicated, however, that oil solutions are dangerous in this respect, and work¬ 
men who apply oil sprays do well to wear gloves and protect the skin in other 
ways. 


HANDLING AND WORKING WITH DDT 

In the light of the preceding paragraphs, general precautions in the use and 
handling of DDT are obviously necessary and desirable. The well-considered 
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opinion of a number of agencies of the United States Government is sum¬ 
marized as follows: (t) Take ordinary precautions in handling and storing 
any DDT insecticide. (2) Avoid applying it on eating utensils and on food. 
(3) Store it out of reach of children, and where it will not be used by acci¬ 
dent for flour, baking powder, or similar foods. (4) Wash your hands when 
you have finished applying DDT. (5) Never use oil preparations of DDT on 
animals. (6) Do not spray oil solutions near open fires, because they may catch 
fire. (7) Remove from the room (or cover) house plants, fish, and pets, when 
applying DDT. 

The United States Food and Drug Administration has ruled (1945) that 
the degree of toxicity possessed by DDT does not place it in a class with the 
caustic poisons and that packages containing this substance need not bear 
the skull and crossbones label. In certain states, however, the law requires 
coloring of the product as a protection against accidental use. 

At the time of this writing there is no known antidote for DDT poisoning. 
A physician should be called at once, so that appropriate symptomatic treat¬ 
ment may be initiated. Phenobarbitol usually reduces the severity of the reac¬ 
tions. Stomach lavage followed by a saline cathartic has been found helpful. 

DDT AND THE “BALANCE OF NATURE” 

When DDT is used on a large scale, as for the control of mosquitoes and 
flies over a considerable area, a certain amount of damage to beneficial forms 
of life is almost inevitable. Various numbers of birds, fish, frogs, and crusta¬ 
ceans may be destroyed. Since fly control is largely a terrestrial affair, the 
greatest problem is perhaps the menace to bird life. It has been shown that 
distribution by airplane at the rate of five pounds of DDT per acre will de¬ 
stroy large numbers of birds, especially if it is applied during the nesting 
season. Insects already paralyzed by action of the DDT are easy to catch, and 
the birds not only feed freely on these forms but carry prey to their young in 
generous quantity. Both adults and nestlings are presumably poisoned by 
such food. It has been demonstrated, however, that an application of two 
pounds per acre is not detrimental to bird life. 

Beneficial insects are also destroyed, to some extent. Lacewing flies, which 
prey on plant lice, and many dipterous and hymenopterous parasites are 
rather susceptible to DDT. Fortunately, honeybees are probably more tolerant 
of DDT than they are of the well-known arsenates in general use. 

A special report of the Fish and Wildlife Service of the U.S. Department 
of the Interior (1949) summarizes the work of Hoffman and Surber, who 
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used insects that had been sprayed with DDT to feed various species of fresh¬ 
water fish. Both larvae and adults of Musca domestica were employed in the 
experiments, along with tendipedid midge larvae collected in the field. These 
were fed to large- and smallmouthed black bass, bluegills, and crappies. Some 
fish were killed; others showed no ill effects; still others developed marked 
tremors, but recovered. The spray was applied in a o.i-milliacre chamber at a 
rate equivalent to one pound of DDT per acre, thus paralleling the results of 
large-scale treatment of forest areas by airplane. 

Off-sprayed insects did more harm than those sprayed with a suspension 
of DDT. In general, small fish appeared more sensitive than larger ones. The 
physiological condition of the fish proved relatively more important than the 
amount of DDT consumed, as shown by the fact that well-nourished indi¬ 
viduals invariably survived the effects of engorgement on poisoned insects 
much better than those which had been kept in holding ponds with neither 
natural nor artificial food. In a special test smallmouthed bass proved con¬ 
siderably more susceptible to DDT than goldfish. 

As an example of disturbed biological balance due to area-wide employ¬ 
ment of DDT, the report of M. S. Shane (1948), of the Water Department of 
Wilmington, Delaware, may be significant. To control flies during an epi¬ 
demic of poliomyelitis, the entire city was sprayed at intervals over a thirty- 
day period during the late summer of 1947. The preparation used was a 30 
per cent solution of DDT in oil. Filtered water in a certain uncovered reser¬ 
voir which lay within the area was observed to develop a marked cloudiness 
within five days after the application. Microscopic counts showed 1,200 organ¬ 
isms per milliliter, which soon increased to nearly 10,000. The diatomaceous 
genus Synedra was found to be practically in pure culture. Microcrustacea 
such as Daphnia and Cyclops, which normally feed on Synedra, seemed to 
have been eliminated. During the previous four years the microscopic count 
in this reservoir for the corresponding month (September) had been well 
under 100. After the water had been drawn off, a white deposit became visible 
on the dry walls. This proved to consist of DDT. 

The susceptibility of Crustacea to relatively low concentrations is borne 
out by the observations of E. J. Wason in New South Wales (1947). DDT 
spray was allowed to drain into a reservoir to give a concentration of 1:25,- 
000,000. The next day hundreds of dead crayfish (Parachaeraps) were col¬ 
lected, and more showed signs of being affected. A high death rate among 
carp ( Carassius) was also noted. Since crayfish are sometimes considered a 
nuisance, these observations suggest a possible method of control. 

In the United States it h^s been shown that spray washed from tre^s jntg 
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a reservoir by rain killed both fish and frogs when the concentration of DDT 
reached something less than i :io,000,000. 

Bishopp (1946a,b) points out that such detrimental effects may usually be 
minimized by confining the use of DDT to the control of forms for which it 
has been proved to be an effective remedy and by using the least dosage and 
smallest number of applications consistent with satisfactory results. This, of 



Figure 1J2. Treating barracks with power sprayer. Pressure line has been run into 
building from pump mounted on vehicle outside. These barracks at Khurramabad, 
Iran, were rendered free from mosquitoes, bedbugs, and flies by use of DDT residual 
spray. (U.S. Army photograph.) 

course, requires a certain amount of guidance by qualified, professional per¬ 
sonnel. Municipalities or engineering companies employed by them may 
usually secure competent advice from state or federal agencies with offices 
in the region concerned. Generous application over large areas without guid¬ 
ance should obviously be discouraged. 

Regardless of these and similar problems, the fact remains that DDT has 
many advantages over any other insecticide thus far developed. This portion 
of our discussion may well conclude with a summary of its more desirable 
qualities: (1) DDT can be prepared synthetically; that is, its availability does 
not depend upon the survival of a growing crop. (2) It is extremely toxic to 
most races of flies. (3) It has great residual effect. (4) It is not irritating to 
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operators during dispensation. (5) It is almost odorless. (6) It will not stain 
fabrics. 


THE CHEMICAL NATURE OF DDT 

The DDT molecule may best be understood if one considers first a mole¬ 
cule of ethane, an aliphatic hydrocarbon consisting of two atoms of carbon 
and six of hydrogen : 1 

H 

I 

H —C —H 

H —C —H 

I 

H 

By adding an atom of oxygen to two of the hydrogen atoms associated 
with one of the carbons, and substituting chlorine for all hydrogen atoms at¬ 
tached to the other, we can produce a molecule of chloral hydrate (trichloro¬ 
acetic aldehyde) : 

H 

I 

OH —C —OH 

I 

Cl —C —C! 

I 

Cl 

This forms the core or central portion of the DDT molecule, which, how¬ 
ever, to be complete must have in addition two identical “wings,” each of 
which replaces one of the two OH groups. The wings, which have a rather 
elaborate structure, are based on the well-known benzene ring: 

H H 

I I 

C — C 

/ \ 

H — C C — H 



H H 


1 The five structural formulas here presented are taken from Leary, Fishbein, and 
Salter, DDT and the Insect Problem (New York and London: McGraw-Hill Book Com¬ 
pany, Inc., 1946) by permission of the publishers. Certain of the accompanying ex¬ 
planatory material is likewise adapted from this source. 
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Benzene may be converted to monochlorobenzene by replacing one of the 
lateral hydrogen atoms by a single atom of chlorine: 


H H 

I I 

C = C 


/ 

Cl — c 


\ 

C —H 


\ / 


c —c 


H 


H 


The corresponding hydrogen atom on the opposite side is then dropped 
out as the associated carbon atom links on to the chloral hydrate molecule in 
place of the OH group. Since this takes place on both sides of the chloral 
hydrate molecule, the result is a bisymmetrical molecule, as shown below: 

H H H H 

II II 

C = C H C = C 

/ \ ! / \ 

Cl — C C — C — C C — Cl 

* \ / I \ // 

C — C Cl — C — Cl c — c 

II I II 

H H Cl H H 

The older method of manufacturing DDT involved the mixing of chloral 
hydrate and monochlorobenzene in the presence of sulphuric acid. By this 
procedure only about 75 per cent of the molecules turned out to be correctly 
formed. The remainder, with slightly different association of atoms, repre¬ 
sent for the most part isomers of the desired compound. These isomers are of 
little or no value as insecticides and, if the manufacturer desires, may be elim¬ 
inated by extracting the pure DDT with alcoholic crystallization. Their re¬ 
moval is not necessary, however, if the. product bears a statement giving the 
percentage of pure DDT present. 

In 1942, the British Government issued a patent to the J. R. Geigy, A. G. 
for the manufacture of dicbloro-diphenyl-trichloroethane according to the fol¬ 
lowing procedure: 

225 parts chlorobenzene 

147 parts chloral (or corresponding amount of chloral hydrate) 

1,000 parts of sulphuric acid monohydrate 

The chlorobenzene and chloral are first mixed together and the sulphuric 
acid monohydrate is added by stirring. The temperature of the rmxtqre rises 
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to 6o°C, then falls slowly to equal that of the surrounding air. Solid parts ap¬ 
pear. The mixture is then poured into a large quantity of water and the 
product separates in solid form. This is washed thoroughly, then crystallized 
from ethyl alcohol. 2 

Relatively pure DDT (p-Cl C 0 H 4 ) 2 CHC 1 S is marketed either in the form 
of fine, white, needlelike crystals or as a powder, with a waxy appearance and 
a mild, neutral, or fruity odor. 

The melting point will depend upon the degree of purity. The so-called 
“technical” grade usually melts at no°C (230°?). This contains approximately 
70 per cent of the para-para isomer (i-trichloro-2, 2-bis [p-chlorophenyl] 
ethane). The ortho-para isomer is present to the extent of about 25 per cent 
and the remaining 5 per cent represents impurities. 

The “aerosol” grade, which is considerably more refined, has a melting 
point of I03°C (2J7.4°F). This is used chiefly in aerosol bombs. 

DDT is fairly stable bur. is acted upon by ferric chloride and certain other 
metallic salts. Choice of container is therefore of some importance. Exposure 
to sunlight and to high temperatures weakens its value as an insecticide 
and therefore limits the duration of residual effects. DDT is soluble in fats 
and oils, but enters into solution in water only to the extent of about one part 
per million. 

The commonly accepted name for this substance is “dichloro-diphenyl- 
trichloroethane,” but a more specific designation is 2, 2-bis (paradichlor- 
ophenyl)-i, 1, t-trichlorethane.” Use of the somewhat nonscientific term 
“chlorinated diphenylethane” should be discouraged. 

Considerable investigation has been carried on to determine the suitability 
of various emulsifiers for use with DDT. Jones and Fluno (1946) tested more 
than a hundred substances and finally selected an aralkyl polyether alcohol 
known as Triton x-100. For military use the following proportions are recom¬ 
mended: 

DDT 25 per cent 

Xylene (solvent) 65 per cent 

Triton x-100 (emulsifier) 10 per cent 

Emulsion results from a minimum of agitation with almost any type of 
water: hard, distilled, or saline. Such emulsions remain fairly stable through 
various dilutions ranging from 10 to 0.1 per cent DDT. 

2 Modern preparation is both simpler and more efficient. Chloral hydrate, chloroben¬ 
zene, and chlorosulfonic acid are mixed, in proper (metathetic) quantities for the de¬ 
sired exchange of atoms. A much purer product is obtained. Other modifications also are 


in use. 
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MODERN INSECTICIDES OTHER THAN DDT 

The following quotation is from a paper by Prill, Synerholm, and Hartzell 
published in 1946. 

Since the outstanding insecticidal activity of 2, 2-bis (p-chlorophenyl)-i, 1, 1- 
trichloroethane (“DDT”) has become generally known, the synthesis and testing 
of related compounds have been actively pursued in many laboratories with the 
object of finding insecticidal compounds possibly better than “DDT” itself, par- 



Figure 173. Truck sprayer in use. Such equipment was used to control insects, in¬ 
cluding dies, in the MARBO Base Command Area, Guam, ML, in 1947. (U.S. Army 
photograph.) 


ticularly compounds with faster knockdown ability, less toxicity toward warm¬ 
blooded animals, less phytotoxicity, greater specificity of action against harmful 
rather than beneficial insects, and with more nearly ideal physical properties; as 
well as the object of finding correlations between chemical structure and insecticidal 
activity. 

Of the analogs of DDT, these authors found only a few alkoxy analogs 
really superior to DDT in any important respect, such as knockdown or 
killing power. All were tested against houseflies as well as mosquito larvae. In 
regard to the chemistry of these compounds, Prill and his associates find that 
a compound of the DDT type must have certain substituents in the 4, 4' posi¬ 
tions in order to have a high degree of activity. The presence of additional 
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substituents in other positions appears to cause a reduction in the desired 
activity. 

So far, we may say that none of the compounds closely related to original 
DDT has been shown to exceed that substance significantly in insecticidal 
power. 

Knipling (1949) has pointed out, however, that several new insecticides are 
superior in some respects to DDT. Important among these are benzene hexa- 
chloride, chlordane, toxaphene, methoxychlor, DDD(TDE), and several com¬ 
pounds which have a synergistic effect when combined with pyrethrum. 



Figure 1J4. Preparing insecticide for dispensation by airplane. Military personnel are 
here shown mixing DDT powder with Diesel oil, in preparation for spraying the city 
of Manila, Luzon, P.I. (U.S. Army photograph.) 


BENZENE HEXACHLORIDE (BHC) 

This substance, also called Gammexane or 666, is produced by the reaction 
of chlorine with benzene in the presence of sunlight. The correct chemical 
designation is 1, 2, 3, 4, 5, 6-hexachlorocyclohexane. The toxic principle is the 
gamma isomer, which usually constitutes 10 to 12 per cent, by weight, of the 
crude hexachlorocyclohexane. It is soluble, in most organic solvents. Prcpara- 
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dons of the gamma isomer of benzene hexachloride, the purity of which is 
not less than 99 per cent, qualify under the official name, lindane. 

Benzene hexachloride has been suggested as a possible competitor of DDT, 
principally because of its faster knockdown effect. Lepage, Giannotti, and 
Pereira (1945) made comparative studies of these two insecticides and showed 
that whereas this was true when the insects were exposed to surfaces just 
treated, the benzene hexachloride (666) quickly lost its superiority when 
treated surfaces were exposed to air or light. 

In their first series of tests, solutions of DDT (or of 666) in acetone were 
applied to glass plates in sufficient quantity to give a residue of 0.019 mg. of 
insecticide per square centimeter, and were allowed to dry. The plates were 
then slid into frames that contained a determined number of flies. At one, two, 
four, and eight minutes, the plates were replaced with clean ones. The results 
are summarized in Table 20. 


Table 20. Average time required for knockdown after various exposures. 


Exposure 

1 minute 

2 minutes 

4 minutes 

8 minutes 

DDT 

166.5 mui - 

62.0 min. 

25,0 min. 

16.5 min. 

666 

40.0 min. 

30.0 min. 

16.0 min. 

10.0 min. 


The second series of experiments tested the retention of insecticidal prop¬ 
erties after the treated surfaces had been exposed to air and sunlight. Tables 
21 and 22 show these findings. 


Table 21 ■ 


Plates exposed to air at 25°-2<)°C (77°-84.2°F) 

24 hours 

48 hours 

116 hours 

For knockdown with DDT (flies exposed 4 min.) 

15 min. 

17 min. 

16 min. 

For knockdown with DDT (flies exposed 8 min.) 

10 min. 

8 min. 

J I min. 

For knockdown with 666 (flies exposed 4 min.) 

40 min. 

85 min. 

T23 min. 

For knockdown with 666 (flies exposed 8 min.) 

48 min. 

70 min. 

90 min. 


Table 22 


Plates exposed to sunlight at 40°-45° C (io4°-ii3° F) 

For knockdown with DDT (flies exposed 4 min.) 

For knockdown with DDT (flies exposed 8 min.) 


4 hours 

17 min. 
6 min. 


For knockdown with 666 (flies exposed 4 min.) 


290 min. 


For knockdown with 666 (flies exposed 8 min.) 


150 min. 


8 hours 


10 min. 


{ 

{ 


5 min. 
not within 
5 hours 
not within 
5 hours 
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The symptoms displayed by the affected flies are practically the same with 
666 as with DDT, except that the convulsive motions are more violent. 

The physiological action of contact insecticides is not completely understood. 
It is probable that the ability to penetrate the cuticle is of great importance, 
as indicated by the work of Dresden and Krijgsman (194S). These authors 
compared the effects of DDT, rotenone, and the y (gamma) isomer of ben¬ 
zene hexachloride. The order of toxicity was different when the substances 
were injected than when they were applied externally. With vertebrates, how¬ 
ever, where no chitin is present, the order remained the same, regardless of 
mode of application. Thus y benzene hexachloride, which has a greater in¬ 
secticidal action than DDT, presumably owes this property to the fact that it 
penetrates more readily. 

Once penetration has been accomplished, the chemical nature of the sub¬ 
stance of course determines its effectiveness. This is shown by the fact that 
the three other isomers of benzene hexachloride, a, / 3 , 8 (alpha, beta, delta) 
have relatively little insecticidal action, though they seem to penetrate the 
chitin readily enough. Of these three the 8 isomer is most toxic, with a and /3 
following in the order named (Gomeza Ozamiz, 1945). Andrews and Sim¬ 
mons (1948) state that BHC may act as a contact poison, a stomach poison, a 
fumigant, or as a combination of any two or all three. An early suggestion 
that y benzene hexachloride accomplishes its toxic effect by competing in cell 
metabolism with meta-inositol has not been borne out by recent investigation. 
All authorities report this insecticide less toxic to man and other warm-blooded 
animals than DDT. 

Munro, Post, and Colberg (1947) found 666 equally effective with DDT 
and DDD in controlling flies about farm buildings and livestock. A concen¬ 
tration of 0.5 per cent of the actual toxic agent was used in each case. 

DDT-resistant strains of houseflies usually succumb rather easily to ben¬ 
zene hexachloride, and early reports from the California Agricultural Experi¬ 
ment Station at Riverside indicated satisfactory control of houseflies over a 
period of several weeks in dairy barns, where DDT had failed. On the other 
hand, observers in Egypt report that houseflies in that country are already 
becoming resistant to benzene hexachloride, while March and Metcalf (1949) 
record a particularly resistant strain, from a poultry ranch in California, that 
could not be controlled with DDT, benzene hexachloride, or dieldrin (an¬ 
other organic insecticide of considerable promise). 
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CHLORDANE (CHLORDAN) 

Although developed primarily for the control of ants and cockroaches, this 
insecticide is also useful against houseflies. When applied in the form of a 
space spray, it is somewhat more effective than DDT. 

For at least two years chlordane was used very successfully in Sardinia to 
control DDT-resistant strains of Musca domestica, but, as with DDT, natural 
selection once more became operative, so that by 1950 a chlordane-resistant 


Figure ij$. City sprayed from the air. Two‘C-47s are here shown spraying the city 
of Manila with DDT insecticide for control of mosquitoes and flies. (U.S. Army photo¬ 
graph.) 

strain had appeared in considerable numbers. 3 Investigations are still in 
progress concerning its toxicity to various domestic animals and further trial, 
under a wide range of conditions, will be necessary in order to determine the 
true value of chlordane in fly control. Against the horn fly (Siphona irritans), 
DDT does a somewhat better job. 

Chlordane shows much greater solubility in various carriers than DDT, 
DDD, or benzene hexachloride. Its proper chemical designation is 1, 2, 4, 5, 
6, 7, 8, 8-octachloro-4, 7-methano-3a, 4, 7, 7a-tetrahydroindane. The empirical 
formula may be given as C 10 H c Cl s . This insecticide is also known under the 
trade names Octa-Klor and Velsicol 1068. 

3 Personal communication from Dr. Paul F. Russell. 
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TOXAPHENE 

This is a chlorinated camphene believed to have the empirical formula 
C I0 H 10 C 1 S . Like DDT, it has one labile chlorine atom. As available com¬ 
mercially, toxaphene is a waxy solid with a melting point somewhere be¬ 
tween 65° and 9o°C (i49°-i94°F). It stores well in solid form without de¬ 
terioration. It is soluble in most organic solvents but is insoluble in water. 
Since toxaphene gives practically no knockdown, it has been combined, in 
experimental work, with thanite, for solution in deodorized kerosene. Tests 
in dairy barns by Parker and Beacher (1947) against Musca domestica and 
other flies demonstrated a very satisfactory residual effect. Bruce (1949) in a 
series of careful experiments found toxaphene superior to chlordane and ben¬ 
zene hexachloride in this regard, but inferior to Rothane and DDT. 

One per cent toxaphene emulsions applied to manure at the rate of 100 to 
200 mg. per square foot are considerably more effective against maggots than 
DDT but are less efficient than either chlordane or benzene hexachloride. 

Toxaphene is somewhat slower in its action against horn flies than DDT. 
Investigators have been conservative in recommending its use because of the 
lack of complete information regarding its toxic effects on warm-blooded ani¬ 
mals. Carelessly prepared dips have been known to cause the death of young 
calves. 

When first available, toxaphene was known as Hercules Synthetic 3956. 
METHOXYCHLOR 

To higher animals, this is the least toxic of the newer hydrocarbon insecti¬ 
cides. It is somewhat more costly than DDT, but certain advantages seem to 
offset this. Unlike DDT, methoxychlor does not penetrate the hide of the 
animal, nor is it stored in adipose tissue or in the butterfat of milk. It is only 
slightly less effective against horn flies than DDT. Michigan State College 
recommends spraying cattle with a preparation made up by combining eight 
pounds of 50 per cent wettable powder with one hundred gallons of water. 
Thorough wetting of the animals does no harm, but contamination of feeds, 
water, or drinking cups should be avoided. 

This methoxy analog of DDT is almost as effective as the latter when used 
against houseflies. It may be applied either as a space spray or for its residual 
effect. Methoxychlor is particularly recommended for trial where DDT has 
failed to control insecticide-resistant strains. 
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DICHLORO-DIPHENYL-DICHLORETHANE 

This chemical ally of DDT, usually referred to as DDD or TDE, 4 has been 
found quite as effective against horn flies as methoxychlor. Its toxicity to warm¬ 
blooded animals is intermediate between that of the latter and DDT. Careful 
investigations have shown that whereas DDT may appear in the milk of 
dairy cattle up to 0.6 or 0.7 part per million during a season’s use, the average 
for TDE is only 0.4 part per million, with equivalent applications. Muma and 
Hixson (1949) found DDD equally effective with DDT, methoxychlor, toxa- 
phene, and chlordan in controlling both houseflies and stable flics on Nebraska 
farms. Sweetman (1947) recorded equivalent results for DDT and DDD in 
Massachusetts. Another name for this insecticide is Rothane D-3. The correct 
chemical designation is 2, 2' bis (parachlorophenyl) 1, i-dichloroethane. It is 
soluble in the same solvents as DDT, but differs in having a higher vapor pres¬ 
sure and a lower melting point. 

THIOCYANOACETATES 

The trade name thanite has become fairly well known as a result of war¬ 
time effort to find substitutes for pyrethrum, rotenone (derris), or cube. An 
interesting report by Pierpont (1945b) tells of early work with fenchyl thio- 
cyanoacetate, which, though effective, could not be produced by insecticide 
manufacturers in sufficient quantity because of the limited supply of natural 
pine oil. Attention was then directed to bornyl and isobornvl thiocyanoacetates, 
as there was no shortage of terpenes from which the isobornyl ester can be 
produced. Since the chemical, physical, and insecticidal properties of the three 
thiocyanoacetates are essentially the same, the term thanite was applied to all 
three or to any mixture thereof. It was soon demonstrated that tertiary as 
well as secondary alcohols can be used as raw material, so that thanite is now 
defined as “a blend of thiocyanoacetates of secondary and tertiary terpene 
alcohols.” Large-scale production is entirely feasible. 

The report indicates that thanite gives a more complete knockdown than 
pyrethrum, though its action is slightly slower. For livestock sprays, an oil 
with a viscosity rating of from 40 to 60 is recommended as a carrier. Oils with 
a lower viscosity may harm the animals, while too high a viscosity interferes 
with application by spraying apparatus ordinarily available. Thanite stores 
well in most types of containers and does not lose toxicity when exposed to 
light. 


* Based on tetrachlorodiphenylethane. 
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PYRETHRUM STILL IMPORTANT 

Pyrethrum has, of course, been an important insecticide for the control of 
flies for many years. As pointed out earlier in this chapter, it was the shortage 
of this useful material which stimulated extensive research on insecticides 
during World War II and resulted in the disclosure that DDT was an even 
more valuable substance. Parkin and Green (1945a) comment at some length 


Figure iy6. C-47 over Manila. This first spraying of an enlire city from the air was 
carried out by the Fifth Air Force in 1945. This picture was made from another plane 
that took part in the operation. (U.S. Army photograph.) 

on the relative merits of pyrethrum and DDT, and on the behavior of flies 
treated with a mixture of the two. Their more important observations are 
summarized below. 

As compared with DDT, the action of pyrethrum is much more rapid. 
Flies knocked down with pyrethrum thus have much less opportunity to 
move about and continue their distribution of filth-borne organisms than 
flies marked for destruction by DDT. The leg movements, it has been noted, 
are slow and intermittent, quite unlike the continuous, vigorous kicking ob¬ 
served with DDT. With pyrethrum all movements slowly subside, until 
death finally supervenes. Treatment with restricted doses of pyrethrum and 
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DDT in combination results in two distinct patterns of behavior, one follow¬ 
ing the other. The first episode, which lasts from one to two hours, is marked 
only by pyrethrum poisoning. There may even be partial recovery from this, 
only to be followed by the second episode, in which the fly relapses, manifests 
symptoms of DDT toxemia, and dies. 

A mixture containing as little as 0.03 per cent w/v total pyrethrins and 0.1 
percent w/v DDT in kerosene will serve as a fly spray for practical use. Tox¬ 
icity may be increased by the addition of a suitable activator, such as sesame 
oil or isobutylundecylenamide. The relative abundance characteristic of the 
postwar years has, of course, made such extreme economies unnecessary. 

Synthetic equivalents of natural pyrethrins are also becoming available. One 
preparation of promise is allethrin, the toxicity of which approaches that of 
pyrethrins found in nature. This pyrethrumlike compound is the allyl homolog 
of cinerin I. 


PIPERONYL BUTOXIDE 

A very promising modern insecticide is piperonyl butoxide, an almost odor¬ 
less substance which is well tolerated by warm-blooded animals. The MLD 50 
for rabbits is given as 5 ml. per kg. of body weight, and for rats and dogs as 
from 7.5 to 10 ml. This insecticide has an advantage over piperonyl cyclohex¬ 
anone (now piperonyl cyclonene), as it does not require an auxiliary solvent 
when used in oil sprays or liquefied gas-propelled aerosols. Both are very 
effective when used in combination with pyrethrins. 0 For example, a suitable 
mixture of pyrethrum and piperonyl butoxide has been found to be ten times 
as toxic to houseflies as pyrethrum used alone. The residual properties of 
pyrethrum are likewise greatly improved by the presence of butoxide. 

Various proportions of pyrethrins and piperonyl butoxide were tested by 
Dove (1947) against houseflies and other pests. In standard Peet-Grady 
chambers 40 mg. of pyrethrins gave a mortality of 34 per cent with houseflies, 
while 400 mg. of piperonyl butoxide gave 65 per cent mortality. A combination 
of the two gave a mortality percentage of 94. The same combination gave a 
98 per cent knockdown in ten minutes’ time. A proportion of one part of 
pyrethrins to 8 parts of butoxide proved most efficient for aerosols and house¬ 
hold sprays. Dove treated a plywood panel with a concentration of 100 mg. 
of butoxide and 5 mg. of pyrethrins per square foot. One hundred thirty-one 
days later, he obtained 100 per cent knockdown within one hour after flies 
were exposed. Twenty-four hours gave complete mortality. 

0 Another synergist now being used with pyrethrum is N-propylisome. 
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It can truly be said that applied entomology has never enjoyed so important 
and so respected a place in human understanding as at the present time, a 
position which has been made possible only by the combined scholarship and 
industry of medical, physical, and biological scientists, all working for the 
ultimate health, comfort, and security of humankind. 

Such co-operative endeavor must obviously’ continue if we are to solve the 
problems of future years. The evolution of successive strains of insecticide- 
resistant flies is but one evidence of the futility of placing all confidence in 
a single new discovery, and shows clearly that it is never the part of wisdom 
to abandon the proven sanitary practices which have brought us to our present 
level of achievement in matters of public health. Similarly, it is important that 
no new area be left unexplored which, by its proper exploitation, might bring 
benefit to man. Already, the use of radioactive isotopes has given us a new 
understanding of the biology of many noxious forms and of the action of 
chemical substances employed to control them. We are a part of the atomic 
age, and it is vital that we harness this new knowledge to constructive ends. 
The hope of the world may now be said to center in the laboratories of those 
investigators and teachers who are fortunate enough to be permitted full aca¬ 
demic freedom in the discovery and interpretation of scientific truth. 
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Abbott, C. E., 58 
Abdomen, 35 
Abdominal ganglion, 73 
Abdominal spiracles, 35, 4 * 
Acanthochcilovcma Persians , i 7 
Acarina, 250 

Acarus: mu sc arum, 251; re- 
fiexus, 251 
Accessory glands, 66 
Accessory plate, 45 
Acetic acid, 40 t 
A cetone, for destaining, 413 
Acetylene tetrachloride, larvi- 
cide, 436 

Acharya, C. N., 311 
Ackert, J. E., 248 
Acrostical bristles, 26 
Acute atrophic paralysis, 269 
Adcrs, W. M., 589 
Adipose tissue, 62 
Adult fly, measures against, 423 
Adventitious bacteria, 234 
Aedeagus, 41, 45, 46 
Aerobacter: aerogenes, 227; 

cloacae, 227 
Aerosol bomb, 479 
Aerosols, 437, 479 
Agaiacna naevia, 254 
Agonodcrtts, 256 
Ahnfcldt, A. L., 475 
Air duct, in Peet-Grady chain - 
ber, 369 

Airplanes: distributors of flies, 
154; treatment with DDT, 468 
Airplane spraying, 433 
Air sacs (abdominal), 63 
Aksinin, J. S., 59 
Alar muscles, 60 
Alar process (of penis), 41 
Albococcus pyogenes, 232 
Alcaligcncs faccalis, 227 
Alcohol, as preservative, 386 


Aldrich, ). M., 42, 160, 392 
Alfalfa, basis of culture medium, 
356 

Allantoin, 343 
Allen, T. C., 362 
Allethrin, 508 
Allnutt, E. IE, 201, 453 
Almeida, J. L. de, 337 
Alpatov, W. W., 100 
Alston, A. M., 260 
Alula, 30 

Aluminum, for screening, 426 
Aluminum haematoxylin, 413 
Alysia, 260; manducator, 262 
American Civic Association, 294 
American Civil War, 2 
American Expeditionary Forces, 
10 

Ammonia, attractive to flics, 174, 

346 

Ammonium bicarbonate, 343 
Ammonium carbonate, attracts 
flies, 175, 470 
Ammonium fluoride, 455 
Ammonium hydroxide, attracts 
flies, 175 

Amniotic cavity, 98 
Amniotic. fold, 98 
Amoebiasis, 2, 270, 277, 286, 
287 

Amoebic enteritis, 270 
Amphibians, enemies of flics, 
224, 262 

Anaerobic composting, 311 
Anal angle (of wing), 30 
Anal segment, 43 
Anal veins, 33 
Anas a tristis, 352 
Ancylostoma duodenalc, 249, 
271 

Anderson, T. G., 232, 288 
Ando, T., 217 


Andrews, H. W., 283 
Andrews, j, M., 503 
Anduze, P. J., 182, 337 
Ancmotropism, 218 
Angelica atropurpurca, 351 
Angles (of wing), 30 
Angstrom unit, 216 
Animals: attracted to garbage 
dumps, 441; care of quarters, 
448; disposal of manure, 448 
Aniseed oil, for frozen sections, 
410 

Anisoptcra, 255 
Anoplura, 255 
Antennae, 21, 75 
Antennal nerves, 69 
Anterior (radiomedia l) cross 
vein, 32 

Anterior spiracular processes, 
104, no 

Anthomyia, )8, 32 

Anrhomyiidac, 128, 130 

Anthony, M. V., 455 

Anthrax, 1, 186, 267, 276, 291 

Anticoagulant, 87 

Anticoagulins, 58 

Ants, as predators, 238 

Anus, 43, 46, 58, 110 

Aphiochacta, 316; scalar is, 316 

Apical angle (of wing), 30 

Apiomerus pilipes, 255 

Apocynum, 352 

Ara, F., 264 

Arabia, 4, 14 

Arachnids, 124, 250 

Araneida, 250, 254 

Archangel, 180 

Archytas, 352 

Arculus, 32 

Aristae, 22, 77 

Arizumi, S., 282 

Arjan .Singh Jandu, 467 
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Ark, P. A,, 221J, 292 
Armstrong, D. B., 278 
Armstrong's poliomyelitis virus, 
285 

Army Committee for Insect and 
Rodent Control, 475 
Arnas, Sweden, 81 
Arthropoda, 124, 224, 249 
A sc arts, 249, 288; conostoma, 
133; lumbricoidcs, 271, 288, 
340 

Aschiza, 126 
Ascomycetes, 237 
Ashtneadopria, 262 
Asilidac, 258 

Aspergillus, 237; parasiticus, 239 
Astoma parashicum, 251 
Atkcson, F, W., 302 
Atkinson, E. L., 456 
Atmospheric pressure, 221 
Atoma parasiticnm, 251 
Atomus, 251. 

Attidac, 254 
Attimonclli, R., 251 
Attrahcnts, 76 

Auchmcromyia luteola, 315, 
325. SSI 

Aural myiasis, 323 
Austen, E. E., 7, 118, 119, 189, 
t 99 

Austin, T. A., 179, 465 
Australia, 177 
Australian region, 166 
Automatic centering device, 375 
Autotomy, with DDT, 477 
Auxiliary hearts, 61 
Avebury, Lord, 2 
Awati, P. R., 37, 43, 179, 187, 
214 

Axillary cord, 30 
Axillary excision, 3r 
Axillary lobe, 30, 3 r 
Axillary membrane, 30 

Baber, F., 196, 450 
Baber’s maggot trap, 450 
Bacillary dysentery, 267, 277, 
279 

Bacillus: A Ledingham, 227; 
acidi lactici, 229; acgypticus, 
228; anthrads, 225, 226, 227, 
267; cholerac sues, 231; colt 
communis, 229; coli mutabihs, 
229; colosimile, 227; cuniculi- 
cida, 230; flnorescens liquc- 
faciens, 231; flnorescens non- 


liqurfaciens, 231; gasojormans 
non-liqucfacicns, 227; grunt hal, 
228; Ititzac, 228, 234; mesen- 
tericus, 225; neapolitanus, 229; 
paratyphosus, A and B, 267; 
paratyphus, Type A, 232; 
piocyanemus, 228; proteus 
flnorescens, 231; proteus vul¬ 
garis, 231; pyocyaneus, 231, 
291; radicijormis, 228; sc ha)- 
Jeri, 229; similcarbonchio, 228; 
snbliks, 223; swpestjjer, 23 j; 
tifosimilc, 228; tuberculosis, 
283; vcsiculosis, 228 
Bacot, A. W., 231, 235, 291, 418 
Bacteria; in biological warfare, 
17; not essential for larval 
growth, 182; number on city 
flics, 304; washed from flies, 
3<->4 

Bacterial diseases, 266 
Bacterial flora of flics, 8 
Bacteria! infections of houseflies, 
223 

Bactericidal substances, 225, 235 
Bacteriological techniques, 417 
Bacteriophage, 225, 235 
Bacterium: agrigenurn, 228; 

cholerac gall in arum, 230; coli, 
229; coli anaerogcncs, 229; 
conjunct!nitidis, 224, 228; de- 
lendae-muscac, 228, 234, 469; 
fi lien sc, 232; mathisi, 228; 
paratyphi, 232; prodigiosus, 
232; tularensc, 273 
Baer, W. S., 34c 
Bahr, P. H., 229, 231 
Baited traps, in survey work, 419 
Ball, S. C., 2r8 

Balsam, as mounting agent, 414 
Bancroft, E., 1 
Bancroft, M. J., 245 
Bang, F. B., 236, 285 
Ranks, N., 251 
Baranov, N., 469 
Rarher, G. W., 122, 173 
Barnes, S., 37b 

Barometric pressure, effect on 
behavior, 218 
Barorcceptors, 78, 220 
Bartsch, A, F., 307 
Basal cells, 33 
Basden, E. B., 363 
Basitarsus, 34 

Basle, Switzerland, 8t, 473 
Basso, R„ 317 


Baxter, G. R., J79 
Bayon, H., 278 
Bdellolarynx, 189 
Bcacher, J. H., 505 
Beachley, R. G., 337 
Beal, W. P., 244 
Bear Mountain State Park, N.Y., 
485 

Beattie, M. V. F., 211 
Bcauneria globulijera, 237 
Becker, E. R., 241 
Bbchrd, 99, 217 
Bedbugs, 474 

Bedford, G. A. H., 255, 318 
Beetles, as predators, 256 
Bcllosillo, G. C., 243 
Bembex, 259; spinolae, 259 
Benefits from flies, 4, 345 
Benke, R., 373 
Hensley's fixing solution, 401 
Benzene, 487 

Benzene hexachloridc, 303, 436, 
50?, 505 

Benzene ring, 497 
Bcquacrt, J., 337 
Bera, Fiji, 259 
Reresoff, W. F., 276 
Bcrlesc, A., 90, 251, 252 
Bermuda, 201, 453 
Bernstein, J. M., 239 
Berry, L. J., 215 
Bcrtarcllc, E., 229 
Rcvan, F,. W., 177 
Bickoff, E., 3br 

Binocular microscope, uses, 394 
Biological warfare, 17 
Bioplastic, 400 
Riothcrmic principle, 451 
Birds: enemies of flies, 224, 2b3; 
poisoned by DDT, 485 
Rishopp, F. C., 7b, 117, 119, 
210, 26l, 318, 337, 474, 49T, 
496 

Riting flies, 17 
Biting housefly, 14 4 
Black spores, 239 
Blair, D. M„ 428 
Rlanc, G-, 279 
Blaney Park, Mich., 485 
Blastema, 97 
Rlastoderm, 97 
Blafclla, 75 

Bleaching powder, as larvicide, 

467 

Blcpharipa sen tell at a, 349 
Blcpharipeza, 349 
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Bliesner, E. R., 294 
Blood, 61 

Blood feeders, obligatory and 
facultative, 190 
Bloodsucking flies, 17, 188 
Blue vitriol, as disinfectant, 293 
Blunck, rule of temperature 
sums, 204 

Bodenheimer, F. S., 183, 197, 
199, 201, 205, 207 
Bodkin, G. E., 177, 179 
Bodo muscarum, 241 
Bogdanow, E. A., 182 
Bohart, R. M., 435 
Bollinger, O,, 227 
Bombyx mori, 242 
Borax, as larvicide, 437, 454 
Borax carmine, 412 
Borgmann, A. R., 302 
Bornyl tbiocyanoacetate, 506 
Borre, P. de, 253 
Bouin’s fixing solution, 4O1, 409 
Bovine mastitis, 274 
Boxed-can privy, 462 
Boyd, J. E. M., 455 
Braconidae, 262 
Brain, C. K., 457 
Brazil, 161 
Brazil, V., 45f) 

Brescia, F., 437 
Brethcs, J., 261 
Bridwell, J. C., 196, 258 
Brirish Guiana, 49, 201 
Bronze, for screening, 426 
Rrooks, J. W., 362 
Brown, A,, 338 
Brown, A. W. A., 59 
Brown, F. M., 228, 230 
Brown, G. C., 286 
Brown, S- T., 294 
Bruce, W. G-, 208 
Rruce, W. N., 505 
Brucella: abortus, 224, 228; 

tularcnsis, 231 
Brucs, C. T., 284 
Brunswick black, for scaling 
mounts, 414 
Bubas, 270 
Buckner, A. J., 304 
Buenos Aires, 239 
Bufo: americana, 263; marinas, 
256 

Buichkov, V. A., 59, 232 

Bull, L., 83 

Bull, L. B., 245, 246 

Bung eye (in Australia), 246 


Bureau of Entomology and Plant 
Quarantine, 486 
Burlap sheets, impregnated, for 
manure piles, 452 
Burma, DDT poisoning in, 492 
Burnett, W. I., 241 
Burning of dry refuse, 311 
Burning out latrines, 466 
Bushncll, L. D., 248 
Busvine, J. R., 376 
Butt, F. H., 96 
Buxton, P. A., 10, 280, 380 


Cabral, J., 281 
Cage holder, 374 
Cairo, 94, 180, 203 
Caldwell, A. H., Jr., 376 
California Agricultural Experi¬ 
ment Station, 503 
Calliphora, 18, 27, 44, 50, 59, 
74 , 75 , 115, 179 , 182, 

187, 228, 243, 285, 286, 288, 
33 G 337 , 340, 353; croce ipal - 
pis, 320; erylhrocephala, 113, 
211, 214, 249, 257, 260, 261, 
2 77, 316; erythroccphala vi¬ 
ctim, 48; lata, 282; vicina, 3x6, 
320, 322, 323, 324, 331; 

vomitoria, 59, 69, 98, 133, 144, 
147, 182, 236, 29T, 3x6, 320, 
324, 341 

Oalliphoridac, 58, 78, 128, 327, 
328, 330 

Callitroga, 3x3; americana, 317, 
320, 321, 322, 323, 324, 330, 
338, 339, 343; americana as 
Cochliomyia, 75, 258, 3x7; 

maccllaria, 320, 330, 339; ma- 
ccllaria as Cochliomyia, 117 
Calf ha paiustris, 351 
Calypter, 30 
Calyptcratae, 128 
Cameron, J. W. M., 215 
Campbell, G. A., 374, 483 
Camphor, as repellent, 392 
Canal Zone, 427 
Canthariasis, 317 
Can-type privy, 462 
Cao, G., 227, 228, 229, 231, 232, 
233 , 235 
Carabidae, 256 
Car as si us, 495 

Carbon dioxide: attractive to 
flies, 174, 346; for frozen sec¬ 
tions, 410 
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Carbon disulphide, as fumigant, 
393 

Carbon tetrachloride, as fumi¬ 
gant, 393 
Carina, 22 
Garment, A, G., 218 
Caroline Institute, Stockholm, 
475 

Carr, E. C., 456 
Case, A. A., 248 
Castcllani, A., 1, 237., 419 
Casio]itc, 400 
Castro, M. P. dc, 252 
Cats, enemies of flies, 263 
Cattani, G., 233 
Causey, O. R., 341 
Caustic potash technique, for 
chilin, 398 
Cedar bird, 263 
C.elatoria diabroticae, 352 
Celebes, 171 
Cell!, A., 229, 230, 232 
Cclloidin method, 403, 405 
Cells (of wing), 33 
Centipedes, 250 

Cephalic ganglion, 69, 70, 

73 

Cephalopharyngcal sderites, 101 
Cephalopharyngcal skeleton, 

102, 104 

Cephcncmyia, 329 
Ccrci, 38 

C. crcomonos muscac-d0mesticac, 
241 

Ccstoda, 248 
Chactotaxy, 27 
Chagas’ disease, 255 
Chalcidoidea, 259, 260 
Chang, 287 
Chapman, 175 
Charles, V. K., 237 
Cheese skipper, 144 
Chelijer panzeri, 253 
Chelifers (false scorpions), 2 S 3 
Chemical analysis of maggots, 
350 

Chemical perception, 73 
Chemicals with fertilizer value, 
455 

Chcmorcccprors, 75, 78 
Cherncs nodosus, 253 
Chicago, 275 

Chilingarova, S. V., 92, 2x0 
Chdomastix mesndi, 240, 271 
Chilopoda, 250; characteristics 
of, 
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Cbitin, problems in technique, 
416 

Chit Tboung, U., 492 
Chlamydozoon, 235 
Chloral hydrate, 498 
Chlordanc (chlordan), 484, 490, 

501, 504 

Chloride of lime, deodorant, 435 
Chlorinated camphene, 490 
Chloroform tube, 385 
Chloropidae, 268 
Chlorops leprae, 230 
C h oanotac n ia: in fund ibuli jo r - 

mis, 248; infundibulum, 243, 
248 

Cholera, 2, 4, u, 226, 267, 280, 
283 

Chorion, 95 
Chovis, 481 
Chromic acid, 401 
Chromosomes, 96 
Chrysanthemum leucanthcmum, 
352 

Chrysomya, 315, 331; albiceps, 
21 1 ; americana, 338; bezziana, 
320, 322, 323, 324, 339, 443; 
chloropyga, 320, 324; margi¬ 
nal is, 320; megacephala, 287, 
316, 320, 322, 435; as Chry 
somyia, 177, 256, 260 
Chry somyia, 177, 256, 260 
Chry sops, 17 

Churches, rural, source of in¬ 
fection, 300 
Chyle stomach, 56 
Circulation, in wings, 61 
Circumvertcd terminalia, 90 
Cistogaster, 352 
Clapham, P, A., 248 
Clarifier, for tissues, 403 
Claritc, as mounting agent, 414 
Clark, P. F., 279 
Cleland, J. B., 279 
Clinton County, N.Y., 120 
Closed receptacles, for manure 
storage, 452 

Closterium wclchii, 343 
Clove oil, for destaining, 413 
Cluster fly, 144 

Coal tar, to treat privy cans, 463 
Cobb, N. A., 4, 82, 264 
Coecidiosis, of animals, 283 
Cochliomyia, 177, 288; ameri¬ 
cana, sec Callitroga americana; 
hominivorax, 208, 258: macel- 
laria, sec Callitroga macellaria 


Cockerell, T. D. A., 262 
Cockranc, E. W. W., 229 
Cockroaches, 354, 474 
Coelom, 48 
Coenotele gregalis, 254 
Colas-Belcour, J., 262 
Colberg, W., 503 
Coleoptera, 126, 256, 349 
Collecting channel, 49 
Collecting techniques, 382 
Collecting truck, bin type, 441 
Collecting tubes, 53 
Collector’s labels, 389 
Collodion, 403 
Colon, 299 

Color, response of flies to, 80, 
2x5 

Colorado potato beetle, 473 
Colored light, effect on larval 
growth, 2x7 

Comatose state, relation to at¬ 
mospheric pressure, 219 
Combs, on tibia and tarsi, 35 
Commensals of houseflies, 223 
Communal kitchens, as fly 
breeders, 309 

Community spraying, not a 
panacea, 303 
Compere, G., 256 
Composting, of wastes, 312 
Compound eye, 20 
Compsilura, 349 
Comstock, J. H., 30 
Comstock-Needham system, 33 
Concave veins, 32- 
Congo floor maggot, 315 
Congo red, 4x2 
Conical drop net, 470 
Conical flytraps, 427 
Conidiospores, of Empusa, 238 
Conjunctivitis, 268; rickettsial, 
in animals, 235 
Connal, A,, 240 

Conostoma, established in error, 
133 

Control: educational approach. 
297; emergency, 423; planned, 

438 

Converse, G. M., 277 
Convex veins, 32 
Cook, F. C., 455 
Cookson, H. A., 178, 337 
Cook-Young, A. W., 177 
Co-operative fly control, 302 
Copeman, xx8, 119, 208, 218, 
450 


Copper, for screening, 426 
Copper dichromate, 401 
Copris incertus prociduus, 256 
Coprophagous species: obliga¬ 
tory, 52; facultative, 189 
Copulation, 90 

Cordylobia, 338; anthropoph- 
aga, 315, 321, 332, 338 
Cordyluridae, 128, 257 
Corfiekl, W. F-> 466 
Cornetti (of Berlese), 42 
Cornwall, J. W., 58, 87 
Corsica, 340 
Cortical sheath, 73 
Corticaria nidicola, 254 
Cory, E. N., 302, 453 
Corynebacterium diphtheriae, 
224, 229 

Costal margin (of wing), 30 
Costal vein, 31 
Cottcrcl, G. S., 198, 199 
Counting flies, Peet-Grady test, 
37o 

County agricultural agent, 301 
County health officer, 300 
Cousin, G., 205 

Cover cloth, for composting, 311 
Cox, G. L., 227, 229, 231, 232, 

233. 304. 380 

Coxa, 34 

Cragg, F. W., 189, 450 
Craig, C. F., 277 
Cram, E. B., 246 
Crampton, G. C., 47 
Creeping eruption, 321 
Cresol, for escaping larvae, 453 
Crimea, 487 
Crisfidd, Md., 486 
Critical lower temperature point, 
205 

Crop, 48, 56, 87 

Crude oil, as larvicidc, 455, 467 

Crumb, S. E., 174 

Crural nerves, 73 

Crustacea, characteristics of, X24 

Cuba, 160 

Cube, insectide, 432, 506 
Cubitus, 32 
Cuenod, A., 279 
Cidicoides, 17 
Cuocolo, R., 247 
Cupping position (mouth parts), 
54 

Curran, C. H., 25, 130, 384 
Currie, D. H., 230, 278 
Curry, D. P., 299 
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Curvilinear genitalia, 46, 91 
Cutaneous furuncle, 321 
Cutercbra, 322, 329; buccata, 
33 G 337 

Cuterebridae, 328, 329 
Cuthbertson, A., 189, 338 
Cuticle, in pupation, 113 
Cyanide poisoning, antidotes, 
384 

Cyanide tube, 384 
Cyclohexanone, 480 
Cyclops, 495 
Cyclorrapha, 126 
Cylindrical chamber tests, 374 
Cynipidac, 259, 262 
Cynomyiu, 78 

Cynomyopsis cadavcrina, 286, 
320, 321; cadavcrina as Cyno - 
myia, 78 

Cysts, carried by flics, 277 

Dahms, R. 0 ., 179, 436, 459 
Dallas, Tex., 210 
Damar balsam, mounting agent, 
414 

Daphnia, 495 
Dardanelles, 10 
Darling, S. T., 241 
Darwin, Charles, 7 
Daucus carota, 351 
Davaine, C., 227 
Davainea: cesticillus, 243, 248; 
tetragona, 243, 248 
Davainiidae, 244 
David, W. A. L., 381 
Davidson, J., 193, 456 
DDD (TDE), 501, 503, 506 
DDT, 14, 75, 81, 286, 301, 302, 
3 ° 3 > 304 - 376 , 378 , 432, 433 , 
435, 437, 468; advantages, 496; 
chemical composition, 497; 
cumulative dose dangerous, 
491; danger to man and ani¬ 
mals, 491, 492, 493; effect on 
balance of nature, 494, 495; ef¬ 
fects on fly, 476; formula for 
preparation, 498; in glossy 
enamel, 484; in gypsum paint, 
487; histological effects, 89; 
historical development, 472; as 
larvicide, 490; on living cattle, 
487; methods of application, 
467, 478; in milk, 488; nerve 
poison, 492; in oil-bound water 
paints, 483; oil solutions toxic, 
492; precautions in use, 493; 


record of human death, 492; 
residual effect, 473; slow 
knockdown, 476; in suspen¬ 
sion, 482; treatment for poison¬ 
ing, 494; veterinary uses, 487; 
water emulsions not absorbed, 
493; on window glass, 485; in 
World War II, 475 
De Bach, P., 112, 260, 469 
Deenate: 25-R, 481; 50-W, 483 
Deeny, J., 286 
Dehydration, of tissue, 405 
Dckester, M., 273 
Delhi, disposal methods, 466 
Dengue, 474 
Dentate sclerites, 104 
Dconier, C. C., 75, 199 
Deoras, P. J., 467 
Depigmentation, 417 
Depressaria heracliana, 352 
Depression: effect on sanitary 
standards, 12; social legisla¬ 
tion, 8 

De.rbcncva-Ukhova, V. P., 117, 
179, 185, 189, 198, 201, 208, 
308, 380, 486 
Dermal granulosis, 245 
Dermaptera, 255 
Dcrmatobia, 182, 338; hominis, 
271, 282, 315, 317, 322, 328, 
337 

Dcrris, insecticide, 432, 506 
Dcscazeaux, J., 228, 246, 469 
Desoil, P., 341 
Deutocerebrum, 69 
Deutoplasm, 96 
Developmental zero, 205 
De Vilbiss atomizer, 369 
Devoe, A., 121 
Dews, S. C., 30r 
Dexiidae, 348 
Dexiinae, 128, 349 
Dexler, G., 187 
Dhondy, B. S., 465 
Diamond-point tool, for mark¬ 
ing slides, 415 
Diaphanol, 400, 416 
Diapriidae, 262 
Diarrheas, 2, 10 
Dichlorodifluoromethane, 479 
Dichloro-diphenyl-dichlorc- 
thane, 506 

Dichloro-diphenyl-trichloroe- 
thane, 472 
Dicke, R. J., 362 
Dicrococlium lanceolatum, 249 
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Digestive tract, of larva, 109 
Diguet, L., 255 
Dinychella asperaia, 251 
Dioxane, in microtechnique, 409 
Diphtheria, 283 
Diphtheria bacilli, 418 
Diphylhbothrium, 249 
Diplococcus gonorrhoeae, 230 
Diplopoda, 124 
Diptexa, 123, 126, 256, 349 
Dipylidium caninum, 271 
Direct-feeding position (mouth 
parts), 54 

Dirhinus pachycems, 260 
Discal cell, 33 
Discal sclerite, 49 
Diseases, fly-borne, 5 
Dispersal flights, 116 
Dissection techniques, 394 
Distal intestine, 58 
Diversion technique, 470 
Dnyansagar, V. R., 196, 467 
Doane, R. W., 5, 276 
Dodd, W. L., 277 
Dog biscuit, as rearing medium, 
364 

Dog fly, 144 
Dolichopodidac, 46 
Dolinskaya, T. Y., 435 
Doner, M. H., 380 
Ddnhoff, 210 
Donovan, E., 253 
“Don’ts” for sanitation, 294 
Dorman, $, C., 184, 210 
Dorsal blood vessel, 59, 6r; of 
larva, in 
Dorsal nerves, 73 
Dorsocentral bristles, 26 
Dorsopharyngeal sclerite, 104 
Dove, W. E., 119, 175, 201, 210, 
317,474,508 
Dow, R, P., 470 
Down, H. A., 287, 379 
Drac.unculidac, 244 
Drasch'ta, 248 
Drbohlav, J. J., 241, 242 
Dresden, D., 503 
Drosophila, 74, 100, 144, I 99 > 
240, 260; junebris, 324, 332; 
mclanogaster, 122, 148, 29-2, 
354 

Drosophilidae, 332 
Dudgeon, L. S., 10 
Duncan, J. T., 225, 232 
Dunn, L. H,, 337 
Du Toit, R., 189, 209 
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Dysentery (amebic and bacil¬ 
lary), 2, 5, 10, 12, 27 6, 2J(J, 
283, 288 

Eaglcson, C., 359, 361, 372, 373, 
378 

Eagleson’s formula, 361 
Earwigs, 256, 348 
Eastwood, T., 456 
Ebd'thella: beljastiensis, 229; 
typhosa, 224, 225, 229, 235, 
2 66 

Red y sis, 100 

Echinococcus granulosus, 271, 
282 

Ecological factors, miscellane¬ 
ous, 213 

Ecology, in applied science, 221 
Effective flight range, 82 
Eggs: description, 93; number 
in batch, 94 
Egg tubes, 66, 94 
Egypt, 4, M.. 93 . 194. 203 
Ejaculatory duct, 42, 46, 67 
Ejaculatory sac, 68 
Ejaculatory sclerite, 68 
Electrocutors, 430 
Ellisor, L. O., 339 
El Paso, Tex., 277 
Elton, C., 199 
Eltringham, H., 176 
Embedding process: paper box, 
403; paraffin method, 406 
Embryology, 96 
Emergence of adult, 115 
Emergency control, sec Control 
Empirical curve of temperature 
relations, 207 
Bmpodium, 35 

Empusa, 36, 265; amcricana, 
237, 2 39> gry///, 237: mttscae, 
237; sphacrospcrma, 237 
Empusaccac, 237 
Emulphor, 481 

Emulsifying agents, 481: for 
DDT, 499 
Emulsions, 481 
Encephalitis, 474 
Encyrtidae, 261 

Endamoeba coli, 240, 271; dy- 
senteriae, 273; histolytica, 10, 
226, 240, 270, 280, 286, 287 
Endolimax nana, 240, 271 
Enteric myiasis, 324, 340 
Entcrobitis, 249, 288: vermi¬ 

cular is, 27 j 


INDEX 

Entomologists as commissioned 
officers, 11 

Entomophthorales, 237 
Entre Rios, 239 
Eosin, 402, 412 
Epcira sencata, 254 
Epeiridae, 254 

Ephcmeroptera (Epberne r id a ), 

126 

Ephydridac, 332 
Epidemiology, 290 
Epilachnu, 75 
Equilibrium, organs of, 84 
Erie, Lake, 117 
Kris fairs, 316, 332 
Ernest ia, 351 

Erwinia amylovora, 229, 292 
Escherichia coli, 225, 229 
Esten, W. M., 295 
Ethiopian region, 162 
Eucoila impatiens, 262 
Eucone eye, 79 
Eulophidae, 262 
Eumnsca, subgenus, 132, 135 
Euparal, 398, 414 
Euplexoptera, 255 
Ewing, H. E., 233, 252, 273, 
289 

Excretion, 59 
Exocone eye, 79 
Exorista pyste, 352 
Exoskeleton, 57 

Kyles, E. D., 86 

Facial depression, 23 
Faichnie, N., 229, 233, 418 
Fairchild, D., 255 
Fairchild, M., 255 
Eannia , 18, 187, 189, 199, 286, 
316, 329; canicnlaris, 144, 145, 
208, 238, 251, 317, 323, 324, 
330, 335, 341, 469; incisurata, 
323, 325, 330: manicata, 325, 
330; scalaris, 144, 146, 250, 
323, 324, 325, 330, 341 
Fans, electric, 430 
Fantham, H. B., 241, 242 
Fat body, abdominal, 59 
Fay, R. W., 173, 207, 304, 451 
Fecal specks, on windowpanes, 
173 

Fecundity of houseflies, 121, 438 
Feeding, methods of, 54 
Fcldman-Muhsam, B., 195, 204, 
207, 211, 350 
Felt, E. P., 214 


Felted chamber, 104 
Female genitalia, 36 
Femur, 34 

Fenchyl thiocyanoacetate, 506 
Feng (Lan-chou), 252 
Fenjves, P., 477 
Ferghana, 457 
Fermentation chambers, 196 
Fcrnier, L., 452 
Ferriere, 261, 283 
Fcuerborn, H. J,, 43, 46 
bicker, M., 224, 229, 231, 232 
Field techniques, 382 
Eigites: ant horn yiarum, 262: 

sctttelluris, 262; striolatus, 262 
Figitines, 259 

Fiji, 177, 179, 194, 2i8, 256, 
258,487 

Filariasis, 12, 474 
Filtering position (mouth parts), 
54 

Finkler-Prior bacillus, 346 

First-stage larva, 101 

Fish, W. A., 95 

Fish, as fly bait, 429 

Fish and Wildlife Service, 494 

Fishbein, W. L, 476 

Fishes, to destroy larvae, 470 

Fitch, C. P., 177 

Fixing agents, 401 

Flat line, 122 

Flatworms, carried by flics, 223 
Elavobucteriurn lutzac, 228 
Flemming's fixing solution, 401 
Flesh flies, 144 
Fletcher, J., 275 
Flexner, S., 279 
Flcxner bacilli, 10, 277 
Flies: enemies of, 224, 262, 263: 
as experimental animals, 354; 
and filth, x8, 135, 234; as 
food for other species, 350; 
habits, 86 

Flight, and flight range, 82 
Flint, W. P., 68 
Flu, P. C., 135 
Fluno, H. J., 499 
Fly, mechanical vector, 273 
Fly-borne disease, 274; history 
of, 5; transmitted in other 
ways, 304 

Fly grid (grill), 421 
Flyless farm, exhibit, 296 
"Fly-lure,” 484 
Flypapers, 434 
Fly poisons, 433 



Flytraps, 385, 427 
Food and food habits, 172; of 
adult flics, 184; of larvae, 173 
Food channels, of larva, 103 
Foot plates, 35 
Ford, N. f 338 
Fore-gut, 56 

Formaldehyde: as preservative, 
386; in poison baits, 433 
Formosa, 209 
Fracnkel, G., 85, 86, it3 
Frambesia, 270 
Francis, T., 226, 236, 286 
Freeborn, S. B., 213 
Freeman, A. W., 460 
Freezing method, 410 
French West Africa, 318 
Fre.nzcl’s fixing solution, 416 
Freon-12. 479 
Fringe scales, 30 
Frings, FI., 78, 364 
Prison, T. H., 335 
Froggatt, W. W., 259, 260, 262 
Frontal virta, 21 
Frontoorbital bristles, 24 
Fruit, in disease transmission, 
306 

Frye, W. W., 280 
Fulcrum (of rostrum), 31 
Fullaway, D. T., 261 
Fuller, M- K., 178 
Fungi, 237 

Fungus infections of houseflies, 
223 

Fusarium poae, 237 
Fiisthy, €)., 205 

Gabbi, U., 277 
Gaffkya tciragena, 229 
Gaffron, M., 78, 79 
Gahan, J. B,, 490 
Galainc, C., 216 
Galliard, H., 340 
Gallipoli, 10, 456 
Galtsoff, P. S., 359 
Gamasidae, 251, 252 
Gammcxanc (666), 377, 378, 
501 

Ganglia, of larval nervous sys¬ 
tem, in 
Gangrene, 343 
Gape worms, of poultry, 248 
Garbage: disposal, 4391 reduc¬ 
tion, 441, 446 
Gardner, C. H., 465 
Gasterophilidae, 128, 328 
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Gastcrophilus, 32, 315, 325, 

337; haemorrhoid alts, 321, 

328; intestinalis, 321, 323, 328; 
nasalis, 328 
Gastric caeca, 56 
Gastrointestinal myiasis, 341 
Gcigy Company, 437, 480 
Gena, 21 

Generali, G., 135 
Genetics and evolution, 122 
Genital aperture: female, 38; 
male, 43 

Genital atrium, 41 
Genital morphology, older con¬ 
cepts, 39 

Geoff roy, E. L., 251 
Geographical distribution, genus 
Mttsca, 150, 132 
Georgia, U.S.S.R., 92, 210 
Geotropism, negative, 217 
Germ band, 97 
Gersdorff, W. A., 490 
Gcrston, C. D., 338 
Gesarol, 473, 485 
Ghosal, S. C., 226, 233 
Giannotti, O., 502 
Giardia, 280, 287; intestinalis, 
240: l a mbit a, 271 
Giardiasis, 271 
Gill, C. A., 233, 281 
Gihnour, D., 483 
Gilson’s fixing solution, 416 
Girault, A. A.. 260 
Gians, 42 

Glaser, R. W., 66, 87, 182, 184, 
224, 225, 233, 236, 241, 242, 
285, 291 

Glossina, 17, 32, 88, 190; mor- 
si/ans, 21 6 

Glycerine: as mounting agent, 
414; in preservation, 386 
Glycerol saline. 417 
Glynn, E. F., 227, 229, 235,232, 
233. 304 

Gnedina, M., 249 
Godfrey, R., 253 
Gold chloride, 413 
Gold Coast, 465 
Golding, F. D., 93 
Gomes, J. F., 337 
Gomez, E., 340 
Gomcza Ozamiz, J. M., 503 
Gonococcus, 268 
Gorodctzskii, A. $., 450 
Gosio, B., 291 
Gourdon, G., 219 
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Grading pupae for size, 360 
Grady, A. G., 186, 380 
Graham-Smith, G. S., 7, 48, 53, 
54 . 5 6 . 87, 150, 173, 187, 227, 
229, 230, 231, 232, 233, 235, 

239, 257, 260, 261, 262, 280, 

288, 291, 414, 418 

Granada, 340 
Grandori, R., 435 
Grantham-Hill, C., 338 
Grassi, B., 241, 248 
(neck Macedonia, 10 
Green, A. A., 476, 507 
Green-bottle fly, 144 
Greenland, 160 
Green sludge, 436 
Green vegetation, used in com¬ 
posting, 312 
Greenwood, W., 177 
Grenadier’s solution, for de- 
pigmentation, 417 
Griffiths, J. T., Jr., 433 
Grinding of garbage, 441 
Groat, R. A., 415 
Ground feeding of garbage, to 
hogs, 444 

Ground sprays, residual effect. 
433 

Growth rate, of larva, 100 
Guam, 287 

Gum arahic, for frozen sections, 
410 

Gussow, H. T., 239 
Gut slime, as fly bait, 428 
Gutters (of mouth parts), 50 
Gyroscopic organs, 85 


Habroncma, 

243< 

245, 

273: 

megastoma, 2 

43, 244, 245, 

246; 

microstoma, 

2 43 j 

2 45 > 

246; 

muscae, 243, 

244, 

246; 

mtts- 

carom, 244 




Habronemiasis 

, cutaneous 

and 


pulmonary, 246 
Habronemic conjunctivitis, 245 
Habroncmic granuloma, 245 
Hackman. R. H., 487 
Haem a/ob/a: serrata, 261; sti- 
nudans, 195, 198 
Haematoxylin, 412 
Hacmocoel, 48, 51, 39; of larva, 
111 

Hacmolymph, 61 
Haemolytic streptococci, 290 
Haescr, 275 
Hafez, H. C., 93, 180 
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Hafez, M., 194, 202, 203, 210 
Hale, W. C., 184, 210 
Hall, M. C., 130, 243 
Haller, H. L., 488 
Hakeres, 28, 84 
Hamer, W. H., 252 
Hamilton, A., 229, 231, 232, 
233> 275 

Hammer, O., 181, 188 
Hammond, A., 69 
Hanawalr, E. M., 487 
Handling (of larvae, pupae, 
adults), 358 

Hansen’s bacillus, 278, 282 
Hardy, G. H., 39, 44, 46, 91, 
177, 260 

Hargreaves, E-, 179 
Har pal us, 256 
Harris, A. H,, 287, 379 
Harsham, A., 215 
Hartzell, A., 88, 89, 252, 500 
Hasc, A., 199, 312 
Hatching of egg, 99 
Hathaway, C. R., 239 
Haushalter, M., 230 
Haustellum, 24, 49, 50, 52 
Haviland, T. N., 400 
Hawaiian Islands, 196, 256 
Haydon, L. G., 450 
Hayes, W. P., 74, 75 
Hayward, E. H., 276 
Head, 20 

Health legislation, 298 
Heart, 59; of larva, 111 
Heat generated by larvae, 199 
Heat paralysis, 209 
Heine-Medin disease, 269 
Hellebore, for treating manure, 
453 

Helminth infections, 286 
Helminth ova, 53 
Helminths affecting man, 249 
Hemilexomyia abrupta, 260 
Hemiptera, 255, 349 
Hemophilus duplex, 224, 230 
Hendrickson, G. O., 61 
Henneguy, L. F., 102 
Henning’s fixing solution, 416 
Hepworth, J,, 35 
Hercules synthetic (3956), 505 
Hermctia illucens, 325, 327 
Herms, W. B., 1, 91, 92, 221, 
233 

Herod, 5 
Herold, W., 259 
Herpetomonas, 241, 242; luci- 


liae, 241; media, 243; muscae 
domesticae, 186, 241, 243; 

muscarum, 241, 243; musci- 
darum, 243; parva, 243 
Hesse, E., 238 

Hewitt, C. G., 7, 39, 40, 43, 48, 
56, 69, 90, 99, 100, 102, 118, 
173, 251, 254, 255, 257, 260, 
261, 262, 271, 341, 438 
Hexachlorcthane, larvicidc, 435 
Hexachlorocyclohexane, 501 
Hcxnpoda, 19, 124, 250, 255 
Hibernation, 118 
Hickson, S. 254 
Hill, G. E-, 180, 244 
Hill, K. R., 492 
Hind-gut (hind intestine), 57, 
59; of larva, no 
Elindle, E., 117, 218 
Hinshaw, W. R., 248 
Hippclates, 237, 268 
His ter chin crisis, predatory on 
maggots, 256 

Histological techniques, 400 
Histostoma muscarum, 251 
Hixson, E., 506 
Hoare, C. A., 241 
Hobson, R. P., 59 
Hodge, C- F., 117, 135 
Hoffman, C, H., 494 
Hoffmann, E., 230 
Hofmann, E., 275 
Hog cholera, virus, 236 
Hog-feeding of garbage, 300, 
443 

Hollick, F. S. J., "84 
Hoi low-ground slide, for dis¬ 
section, 395 

Holostaspis: badius, 252; margi - 
natus, 252 

Homeopathic vials, 396 
Honeij, J. A., 230 
Honeybee, 348; tolerant of 
DDT, 494 
Honolulu, t 61 
Hookworms, 287 
Hope, F. W., 316 
Horizontal variations in at¬ 
mospheric pressure, 221 
Hormone, in pupation, 112 
Horned lark, 263 
Horn fly, 504 
Horse botflies, 315 
Horstmann, D. M., 285 
Hoskins, W. M., 77, 184, 210, 
376 


Houlbert, C., 216 
Housefly, common name for 
Musca domestica, 34 
Household sprays, desirable 
qualities, 433 
Howard, C. W., 279, 296 
Howard, L. O., 2, 7, 118, 121, 
134, 229, 233, 250, 251, 254, 
256, 257, 260, 261, 262, 263, 
275 

Howat, C. H., 281 
Howell, D. E., 455 
Howlett, F. M., 218 
Huan, 1 . C., 234 
Huddleson, I. F., 228 
Hughes, Charles Evans, 294 
Huic, D., 234 
Human botfly, 315 
Human disease, carried by flies, 
264 

Human waste, disposal, 458, 
459 

Humeral angle (of wing), 30 
Humeral bristles, 25 
Humeral callus (callosity), 25, 

27 

Humidity: controlled by for¬ 
mula, 381; effect on adult flies, 
208; effect on temperature 
tolerance, 208; environmental 
factor, 207; a factor in ecology, 
191; lethal when excessive, 
207; maintained by wet saw¬ 
dust. 380 

Hunter, W. D-, 276 
Hussain, M., 242 
Hutchinson, W., 135 
Hutchison, R, Iff., 205, 208, 250, 
455 

Hutchison’s maggot trap, 450 
Hyalomyia, 349 

Hydrotaea: dcntipcs, 256; mc- 
tcorica, 323, 325, 332 
Hymenolepis: diminuta, 27 t; 

nana, 249, 271 
Hymenoptera, 126, 258, 349 
Hymenopterous parasites, 259, 

469 

Hyoid sclerite, 50 
Hyperbola, expression of tem¬ 
perature relations, 205 
Hypnotic dose (of insecticide), 
373 

Hypochlorite of potash (or 
soda), for softening chi tin, 416 
Hypodcrma, 315, 328; bovis, 
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321, 322, 323, 328; diana, 321, 

322, 323, 329; lineatum, 321, 
322, 323, 329 

Hypodermatidae, 328 
Flypopharynx, 52, 54 
Hypopleura, 28 
Hypopus, mites on flies, 251 
Hypopygium, 43 
Hypopygium inversum, 46 
Hypostomal sclerite, 104 

Illingworth, J. F., 179 
Imagina! discs, it 2, 115 
Immature forms, control of, 434 
Immature stages, duration de¬ 
pendent on temperature, 199 
Imms, A. D., 78 
Immune mechanisms in flies, 
226 

Incineration of garbage, 441,444 
Incubation period, for ova, 193 
India, spring house-cleaning 
festival, 177 
Indian hemp, 352 
Inexpensive test chamber, 376 
Infantile diarrhea, 267 
Infantile paralysis, 269, 283 
Inferior apophysis, 42 
Infiltration, with paraffin, 405 
Influenza, to, 11 
Ingle, L., 216, 379 
Inner claspers (secondary for¬ 
ceps), 41, 43 

Inner margin (of wing), 30 
Inner vertical brisdes, 24 
Insect boxes, temporary and 
permanent, 391, 392 
Insecticides, standardization of, 
354 

Insect net, 382 

Insects, as enemies of houseflies, 
224 

Institute of Paper Chemistry, 
484 

Integument, larval, 105 
Integumentary funnel, in para¬ 
sitized insects, 350 
Interbifid grooves, 53 
Interbifid spaces, 52, 53 
Intermuscular spaces (of 
thorax), 62 

Internal morphology, 48 
Internal organization of larva, 
T05 

Intima, 57 

Intra-alar bristles, 26 


Iran, 14 
Iraq, 14 

Iridomyrmex humilis, 258 
Irregular variations in atmos¬ 
pheric pressure, 221 
Isaac, P. V., 469 
Isobornyl thiocyanoacctate, 506 
Isobutyl undecylcne amide, his¬ 
tological effects, 88 
Isomers of benzene hcxachloride, 

503 

Isoptera, 47 2 
Ithaca, N.Y., 121 
Iwanoff, X,, 246 

Jack, R. W., 216 

Jackson, D. D., 186, 293 

Jacques, J. E., 4, 241 

James, H. C., 177, 260, 262 

James, M. T., 318, 340 

Janet, C., 62 

Janisch, E., 206 

Jausion, H., 273 

Java, 171, 256 

Jcpson, F. P., 258, 259 

Johannsen, O. A., 96, 230, 401 

Johnston, T. H., 244, 245, 260 

Johnston’s organ, 78 

Jolly, G. G., 465 

Jones, H. A., 89, 499 

Jorg, M. E., 177, 3 i 7 

Joshi, K. G.> 196, 467 

Joshua, 5 

Kalandadzc, L. P., 92, 210 
Kampmcier, O. F., 400 
Kansas Agricultural Experiment 
Station, 302 
Katagai, T., 209 
Kawabada, K., 279 
Kearns, H. G. H., 297 
Keilin, D., 66 
Kclevin, N. V., 335 
Kenney, M., 341 
Kent, W. S., 241 
Kentucky sanitary privy, 465 
Kenya Colony, 318 
Kerosene: as larvicidc, 436; sol¬ 
vent of DDT, 480 
Kerr, Dr., 88, 237 
Kew, H. W., 253 
Keyworth, W. D., 273 
Kiev, 343 
Killing tubes, 384 
Kinetic reaction to atmospheric 
pressure, 220 


King, H. N., 466 
Kingsbury, B. F., 401 
Kingscottc, A. A., 338 
Kirby, W., 253, 316 
Kirk, N. T., 475 
Kitzmillcr, J. B., 409 
Kizyak, preparation of, 457 
Klcchctova, A. M., 434 
Kleidotoma marshal}}, 262 
Klein, E., 229 
Kling, C., 279 
Klots, A. B., 392 
Knipling, E. F., 178, 474, 501 
Knithakis, E., 246 
Knockdown: of several insecti¬ 
cides, 502; in Pcet-Grady test, 
37 2 

Kobayashi, FI,, 185, 195, 200, 
201, 205, 206 
Kom&rek, J., 341 
Korea, 195, 200 
Kostitch, D., 282 
Kramer, S., 401 
Kramer, S. D., 200, 205 
Krijgsman, B. J., 503 
Krishna Rao, K. S., 311 
Kryzhanovskii, O., 256, 258 
Kuhn, P,, 239 
Kuhns, D. M., 232, 288 t 
Kunckcl d’Herculais, J., 69 
Kuzina, O,, 260 
Kuzina, O. S., 80, 81, 94, 121, 
181, 183, 308 

Kvasnikova, P. A., 199, 257 

Laake, E. W., 76, 117 
Labeling slides, 415 
Labclla, 24, 49 
Labellar rods, 52 
Labels, preparation, 388 
Labial nerves, 72 
Labial sclcrites, 52 
Labium, 52 

Laboratory techniques, 382 
Labrum-epipharynx, 52 
Lactose fermenters, 235 
La.ing, J., t 16 
Lai, R. B., 226, 233, 28r 
La mb, C. G., 91 

Lamborn, W. A., 03, 188, 281, 
282, 283 

LaMcr, V. K., 437 
Lam pa, S., 317 
Landes, France, 10 
Langford, G. S., 302 
l^aphria cam's, 258 
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Larrcy, 342 
Larroussc, F., 340 
Larsen, E. B., 100, 195, 205, 
206, 207 

Larvae, 100; adaptable to high 
temperature, 203; agents of 
healing, 348; food of larvae, 
183; parasites of Arthropod a, 
348; phototropism, negative, 
214; segmentation, 100, 102 
Larviparous parasites, 349 
Latreillc, P. A., 133, 251 
Latrine fly, 144, 341 
Lauger, P., 477 
Lavine, I., 478 

L-cork, for supporting speci¬ 
mens, 388 
Leach, J. G., 292 
League of Nations, Health Or¬ 
ganization, J 2, 3 T3 
Leary, J. G., 476 
Lebaillv, C., 273 
Lebocuf, A., 135, 278 
Leclercq, M., 286 
Ledingham, J. C. G., 229, 231, 

232, 233, 280, 418 
Legs, 34 

Leidy, J., 2, 187, 241, 274 
Lcikina, L. I., 177 
heish mania, 241 
Leishmaniasis, 17 
Lelcan, P. S,, 2 
Leon, N-, 255, 290, 335 
Lepage, H. S., 502 
Lcpidoptera, 126, 349 
Leprosy, 269, 278, 281, 283, 289 
Lesser housefly, 144, 341 
Lethal line, 122 
Lcthanc, 14 
Levacjiti, C., 279 
Lever, R. J. A. W., 179, 189, 
256, 260, 487 
Lewis, E. A., 317 
Lewis, F. C., 227, 229, 231, 232, 

233, 304 

Lice, carried by flics, 255 
Liebcrrnann, A., 75 
Light: environmental factor, 
213; not required for oviposi- 
tion, 363; quality important, 

214 

Ligula (of older writers), 54 
Lilly, J. H., 235 
Lime, as deodorant, 463 
Lindquist, A. W., 89, 238, 261, 
436, 468, 489 


Lindsay, D. R., 278, 303 
Lingual process, 102 
Linnaeus, C., 133, 251 
Linognathus vituli, 255 
Lins de Almeida, J., 282 
Liu, Y, S., 74, 75 
Liver, as fly bait, 428 
Liverpool, 2 

Live steam, for treating manure, 
4 55 

Livingston, S. K., 342 
Loa loa, 17 
Locality labels, 388 
Locomotion, of larva, 105 
Locomotor pad, 104 
Lodge, O. C., 186, 212 
Longevity, 118; relation to tem¬ 
perature, 210 
Longitudinal veins, 32 
Lbrincz, F., 175, 193, 313 
Lorraine, 453 
Lot labels, 389 
LowncyB. T., 43, 48, 49, 69 
L.R.S. privy, 463 
Lubbock, J., 2, 274 
1 ,1 (cilia, 18, 50, 59, 63, 95, 97, 
1 77 > J 79 > 187, 217, 243, 256, 
257, 278, 283, 284, 285, 288, 
338, 340, 353; cacsar, 147, 239, 
260, 291, 320, 323, 343; cu- 
prina, 282, 316; Ulustris, 144, 
147, 320, 331 ; scricata, 91, 96, 
147, 197, 207, 230, 242, 248, 
284, 287, 292, 316, 343; sil- 
varum , 147 
Lucitc, 400 

Lumsden, L. L., 300, 460, 463 
Lundbeck, W., 160 
Lydclla, 349 
Lyon, S. C., 174 

hyper os: a, 190; cxigua, 189, 
245, 261; ini fans, 184, 198, 
208, 256 

Macacus cynomologns, 284 
Macalistcr, C. )., 343 
Macassar, Strait of, 171 
McCarthy, Mary, 263 
McConkey broth, 418 
MacCormack, J. D., 286 
McDonnell, R. P., 456 
McDuffie, W. C., 436 
Macedonia, to 
Macfie, J. W. S,, 241 
McGovran, E. R., 339, 490 
MacGregor, M„ E., 230, 283 


Mackerras, 1 . M., 178, 492 
Mackinac Island, 485 
Macloskic, G., 48 
McMahon, J. P., 466 
Macrae, R., 233 

Maaocheles: muscae, 252; mus- 
caedomesticac, 252 
Macroscopic organisms affect¬ 
ing flies, 226, 249 
Madden, A. H., 89, 43b, 468, 
480, 489 
Madras, 179 
Maggot therapy, 11 
Maggot trap, platform type, 449 
Maier, P. P,, 470 
Makara, G., 175, 181, T93, 264, 
3i3 

Malaria, 2, 10, 12, 474 
Malaya, 154 

Male genitalia, 38; exposure 
technique, 392; rotation, 43 
Malloch, J. R., 135 
Mallory's anilin-blue, for chitin, 

■416 

Mallory's phospho-tungstic hae- 
matoxylin, 412 
Malmgren, B., 273 
Malphigian tubes, 48, 57, 59, 61, 
98; of larva, 110 
Malta, j 54 

Mammals, enemies of flies, 224, 
263 

Mandibular sclentc, T02, 105 
Mangers, as fly breeders, 302 
Manila, 433, 468 
Manine, A., 340 
Manson-Bahr, P. H., 229, 277, 
278 

Maiisonella ozzarili, 17 
Mantidac, 255 

Manure: basis of culture me¬ 
dium, 356; chemical treatment, 
453; emergency disposal, 456; 
as fuel, 457; spent, not suitable 
breeding medium, 176; spread¬ 
ing on fields, 448; stacking, 
450; storage in bins, boxes, 
pits, 449, 450 
March, R. B., 503 
Marchionatto, J. B., 239 
Marcboux, E., 278 
Marcovitch, $., 455 
Marctt, P. J., 456 
Margarinos Torres, C., 246 
Marginal cell, 33 
Margins (of wing), 30 
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Marpmann, G., 228 
Martin, A. W., 276 
Martin, C. j., 278 
Martin, H., 477 
Mason, C. J., 295 
Mastigophora, 240 
Mastitis, bovine, 289 
Mathematical symbols (in tem¬ 
perature studies), 204 
Matheson, R., 130 
Mating, 90 
Matthysse, ). G., 119 
Maturation, 96 
Maxillae, of larvae, 80 
Maxillary palpi, 24 
Maxillary rods, 52 
Mayer's albumen fixative. 411 
Mayer's HC 1 carmine, 412 
May ik*, B., 239 
Maync, L. C., 179, 465 
Maz/.a, S., 177, 317 
Mecoptera, 12b 
Median fissure (of labelia), 52 
Median lethal dose (MLD). 381, 
491 

Median nerve, 73 

Median sclerite, 41 

Mcgasetia: raft pcs, 320, 330: 

seal arts, 316, 320, 323, 330 
Meijere, J. H. C. dc, 400 
Melcney, H. F.., 280 
Mellanby, K., 211, 380 
Meltinns arvensis, 259 
Mcllo, M. J. de, 241. 247, 281 
Meilor, J. E. M., it 8, 176, 436 
Melnick, J. L„ 284, 285, 286 
Melvin, R., 193, 205 
Mendel, Gregor, 7 
Mcntum, 52 

Merchants’ Association of New 
York, 294 
Mercicr, L., 188 
Mercurialis, 1 
Mercuric chloride, 401 
Merlin, A. A. C. F., 35 
Merriman, G-, 218 
Mcsenteron, 56, 59 ; of larva, 110 
Mescnteron ribbons, 98 
Mesh, of screening, 427 
Mesoderm, 98 
Mesodermal clefts, 98 
Mesoderm tube, 98 
Mesonotum, 25, 27 
Mcsophragma, 28 
Mesoplcural sclerite and bristles, 
28 


Mesopotamia, 10, 179, 277, 280 
Mesosomc, 41 
Mesothorax, 25 
Metabolism, 87 

Metamorphosis, infection carried 
through, 291 
Mctanotum, 28 
Meta thorax, 25 
Metcalf, C. L., 68 
Metcalf, R. L., 503 
Metelkin, A., 283 
Mcthoxychlor, 50J, 505 
Methylene blue, 412 
Methyl green, 412 
Mctopiidac, J30 
Mexico, 160, i6r 
Miami, Fla., 154 
Mice: enemies of flies, 263; ex¬ 
periments with poliomyelitis, 
285 

Michigan State College, 505 
Microclimate, 155, 221 
Micrococcus: amylovorus , 229; 
flavus, 230; pyogenes aureus, 
232; tetragemis, 229 
Microorganisms carried by flies, 
224, 226 
Micropyle, 96 
Microtome, 402 
Microtype eggs, 349 
Midgley, T„ 479 
Mid-gut, 98 

Milk, food for emerging flies, 
362 

Miller, D., 151 
Miller, I). F.. 197 
Miller, L. F., $ T o 
Millibar, 220 
Milljken, F. B., 176 
Mi nett, F. C., 227 
Minnesota iron range, 294 
Minnich, E). E., 75. 78 
Mini ho algira, 320 
Mississippi River, sludge and 
scum, 307 

Mites, attached to flics, 250 
Mitscherlich, E., 236 
Mitzmain, M. B., 241 
Mizushima, H., 205, 206 
Modern insecticides (other than 
DDT), 500 
Mohammed, 5 
Mohler, J. R., 236 
Molasses, as fly bait, 428 
Molucca Passage, 171 
Monel metal, for screening, 426 


Monicz, R., 253 

Monkeys, experiments with 
poliomyelitis, 283 
Monoehlorobcnzcnc, 498 
Mono wit a mu scant m, 241 
Mon onion am minimum, 258 
Monthls, A. J., 1 
Moor cl lead, S., 289 
Mordants, 413 
Morgan, B. B., 241 
Morgan, H. dc R., 231 
Morison, J., 273 

Mormotiiella vitripennis, 260, 
469 

Morocco, 237 
Morrill, A. W., j86n, 301 
Morris, H., 186, 176, 277 
Morris, H. M.> 374 
Mortality, in Pcct-Grady test, 
372 

Mo sen, 135 
Mos<a commune, 135 
Moscow, city and province, 201, 
435. 4^6 
Mosquito, 134 
Moth flies, 144 
Mottche domestiqttc, 135 
Mo itches coprophagues, 135 
Mounting agents, 414 
Mounting techniques, 414 
Mount Kenya, 154 
Mount Wilson Observatory, 353 
Moursi, A. A., 260 
Moussatche, I., 491 
Mouth hooks, 102 
Mratzlin, Serbia, 469 
Mucor: heimaluf, 239; race- 
mosus, 239 

Mukhcrji, B., 226, 233 
Mulag. 481 

Muller, P„ 472, 475, 477 
Minna, M. H., 506 
Murntord, E. P., 3 * 7 > 335 
Munro, j. A., 503 
Munroc, E. G., i 3 2n 
Munroc manuscript, 135, 152 
Munson, S. C., 477 
Murray, A., 251 

Mnsca: genus and subgenus, 102, 
130, 132, X3.T X35, 333; geo¬ 
graphical distribution, 152 
Musca: acthiops, 136; africana, 
136; alba, 136; albina albino, 
136. 163, 164, 166; albina 
polita, 136, 164: albomacula/a, 
136; alpesa, t36; analis, 136; 
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Mu sea (con ti n u ed) 
angustifrons, 136, 277; anti- 
quissima, 136; arcuata, 282; 
aricioidcs, 136; atrifrons, 137, 
160; aueta, 137, 165, 166; 
aurifacies, 137; aurulans, 137, 
161; australis, 137; autumnalis, 
species and subspecies, 137, 
152, 163, 164, 166, 182, 188, 
190, 259; autumnalis pseudo- 
corvina, 137, 164; autumnalis 
somalorum, 137, 164; autum¬ 
nalis ugandae, 137, 164; 

bafcri, 135, 137, 166; basilaris, 
137; bec\eri, 137; bezzii (also 
bczzi) y 137, i66> 243, 281; 
biseta, 137; bivittata, 137; 
bovina, 137; calisia, 137; ca/- 
137; campestris, 137; 
campieola, 137; carnifex, 137; 
chiliensis, 137; cingalaisina, 
137; cloacaris, 160; cluvia, 137; 
conducens, 135, 138, 164, 166, 
467; confiscata, 138; congolen- 
sis, r 3 8; consanguinca, 138; 
continua, 138; convcxifrons, 
58, 138, 163, 179; corvina, 138, 
156, 239, 259; corvinoidcs, 

138; craggi, 135, 138, 166; 
crassirostris, 94, 135, 138, 164, 
166, 189, 325, 333; cuprca, 
138; cuthbertsoni, 93, 138, 154, 
164; dasyops, 138; determi- 
nata, 138; dichotoma, 138; di¬ 
varicates, 138, 179, 187; domes- 
tiea, species and subspecies, 
133, 138, 156, 163, 164, 166, 
17 r; domestica determinata, 
277; domestica tiberina, 489; 
domestica vicina, 92, 94, 133, 
135, 138, 160, 163, 164, 166, 
171, 179, 180, 189, 194, 203, 
207, 209, 2to, 211, 214, 216, 
256, 261, 287, 467; dorsomacu- 
lata, 138; datior, 138, 164; 
clcodivora, 138, x6r; ethiops, 
139; cutaeniata, 139; familia- 
ris, 139; jasciata, 139, 164, 165, 
r66, 189; fergusoni, 139, 171, 
243, 245; flavifacics, 139; flavi- 
nervis, 139, 161; flavipennis, 
139, 156; fletcheri, 139, 166; 
floralis , 139; jormosana, 139, 
166; frontalis, 139; fnlvescens, 
139, 161; gabonensis, 93, 139. 
164; gibsoni, 139, 166, 189; 


greeni, 139, 354, 166; gnsella, 
139; gurnei, 139; gymnosomea, 
139, J 54* 163; harpyia, 139; 
hervei, 139, 163, 167; hilli, 

139, 171, 178, 245; hottentota, 
140; humilis, 140, 177, 179, 
243, 245, 277; illingworthi, 

140, 167; inccrta, 140, 179; in- 
dica, 140; inferior, 135, 140, 
167, 182, 189, 230, 282; in- 
sign is, 140, 333; interrupla, 
species and subspecies, 140, 
164, 255; interrupta dasyops, 

140, 164; jacobsoni, 140, 167; 
basauliensis, 140; \weilincnsis, 
140, 167; larvipara, 66, 67, 94, 
140, 163, 182, 189, 190, 204; 
lasiopa, 140, 164; lasioph- 

thalma, 140, 164, 255; lateralis, 
140; latifrons, 140; latipara- 
frons, 140; leprae, 230; lincata, 
140; luccns, 140, 167; lucidi- 
facies, 140; lucidula, 140, 163, 
165; lucilia, 87; ludifica, 140; 
lusoria, 140, 141, 165, 243, 
245; mediana, 141; meridiana, 
187; mesopotamiensis, 141, 

163, 179; minima, 141; minor, 
141; modesta, 141; multi spin a, 
141; munroi, 141, 165; nana, 

141; natalensis, 141, 165; ne¬ 
bula, 58, 135, 141, 163, 165, 
167, 467; nigripes, 141 ; nigri- 
thorax, 141; niveisquama, 141; 
Occidents, 141, 160; osiris, 

141 ; ovipara, 141 ; pampaising, 

141; pattoni, 58, 141, 167, 189; 
pellucens, 141; perlata, 141, 

164, 165; ph asiaeform is, 141; 
pilosa, 141; planiceps, species 
and subspecies, 135, 141, 167;. 
pollinosa, 341; praecox, 141; 
prashadii, 142; primitiva, 142, 
162, 163; prisca, 142; promts - 
cua, 142, 179, 187; promusca, 
142; pulla, 142; pumila, 142; 
pungoana, 142; pusilla, 142, 

161; riparia, 142; rivulans, 
142; rivularis, 142; roralrs, 
160; ruficornis, 142, 171; ru- 
fifrons, 142, 165, 167; rufi- 
ventris, 142; rustica, 142; 
sanctae helenae, 142; scapu- 
laris, 34 2; scat.ophaga, 142; 
scnegalcnsis, 142; senior- 
whitci, 142, 167; sensifera, 


142, 161; settgera, 142; shang - 
haiensis, 142, 162, 163; sor- 
bens, species and subspecies, 
94 , 135 . 143 . 152. 163, 165, 
167, 171 , 382 , l88, 21 1 , 28 l, 
2 83, 335, 467; sorbens alba, 

143, 165; sordidissima, 143; 

spectanda, 93, 143, 282; spccu- 
lifera, 143; spinohumera, 143, 
167; spinosa, 143, 167; sqtia- 
mata, 143, 167; stimulans, 143; 
stomoxidea, 143; sugillatrix, 
143; taken sis, 143; tau, 143; 
tempestatum, 143, 165; tem- 
pcstiva, 94, 143, 163, 165, 167, 
182, 188, 190, 204; tcrrac- 

reginac, 343, 171, 244, 245; 
ti biseta, 143, 167; um bracu - 
lata, 143; vaccina, 143; vaga- 
toria, 143; varensis, 143, 162, 
163; ventrosa, 135, 143, 163, 
165, 167, 179, 244, 467; vctu- 
stissima, 94, 143, 196, 244, 245, 
279; vicaria, 143; vicina, 333, 
335, see also Musca domestica 
vicina; villcncuvi, 144, 167; 
villcneuvi as villcneuvci, 179; 
violacca, 144, 162, 163; vitri- 
pennis, 94, 144, 163, 167, 188; 
vivax, 160; vivipara, 144; xan - 
thomcla, 144; xanthomclas, 

144, 161, 163, 165, 167; yer- 
buryi, 144 

Muscidae, 43, 128, 328, 329 
Muscidifurax raptor, 260, 469 
Muscina, 18, 32, 187, 283, 285, 
286, 353; assimilis, 189, 229; 
pascuorum, 160; stabnlans, 
84, 144, 146, T90, 228, 229, 
2.5K 252, 256, 273, 325, 

332 

Muscinac, 130 

Muscle preparations, Kramer’s 
technique, 401 

Muscles: cephalic, 69, 70; ccpha- 
lopharyngeal, of larva, 105, 
xo8, 109; histology, 68; of 
larval body wall, 106, 107; 
segmental, 69; special, 69; 
strength of, 68; thoracic, 71; of 
thoracic appendages, 69 
Muscoidea, 44, 46, 128, 353 
Muscular system, 68 
Musculature of larva, j 05 
Museum techniques, 382 
Myasis, 317 



INDEX 


5 77 


Mycobacterium: leprae, 230, 
269; tuberculosis, 230, 268 
Myiasis, 315; accidental, 310; 
affecting the eyes, 322; of anus, 
324; of auditory structures, 
323; of bladder and urinary 
passages, 324; caused by genus 
Mitsca, 333; caused by species 
not of genus Musca, 337; as 
creeping eruption, 321; as 
cutaneous furuncle, 321; gas¬ 
tric, 2; in horses and mules, 
3 77; key to mature larvae, 326; 
larvae active bloodsuckers, 325; 
as lesion of mouth, nose, or 
sinuses, 322; of stomach and 
intestine, 324; traumatic, 320; 
types, by location in host, 318; 
of vagina, 324 
Myodaria, J 28 

Nagcotte, J., 86 
Nijera Angulo, L., 17, 340 
Naphtha, as repellent, 392 
Naphthalene, as repellent, 466 
Naples, 474 

Nasonia brcvicornis, 260 
National Association of Insecti¬ 
cide and Disinfectant Manu¬ 
facturers, 366, 433 
National Bureau of Standards, 
433 

Natural agents in fly control, 
469; TLmpusa, 239 
Natural selection and DDT, 488 
Natvig, L. R., 335 
Nearctic region, 156 
Neca/or, 288; americanus, 271 
Neisseria: gonorrhocac, 230; 

lit ci liar utn, 230 
Neiva, A., 337 
Nemathclminthes, 243 
Ncocid, 473, 491 
Neotropical region, 160 
Nervous system, 69; develop¬ 
ment, 99; of larva, in 
Neuroblasts, 99 
Newer insecticides, 472 
Newport’s segment, 104 
New South Wales, 495 
Newstead, R., 2, 118, 135 
New Zealand, Musca domcstica 
in, 151 

Nicholas, G. E., 2, 233 
Nicol, G., 248 


Nicoll, W,, 227, 228, 229, 231, 
232> 233, 271, 273 
Nicolle, C., 279 

Nieschulz, O., 189, 208, 209, 
282 

Nikol’skii, A. L., 457 
Nitric acid, 401 
Nobel Prize, 475 
Noel, P., 470 
Nogouchi, H., 243 
Nonbloodsucking flics, 18 
North Africa, 154 
Norwood, V. H., 343 
Notopleura, 25, 27 
Nova Scotia, 156 
Nucleus, of egg, 96 
Nursing Times , 276 
Nuttall. G. H. F., 4, 227, 230, 
233, 265 

Nymphal sheath, 114 
Nysson, 259 

Oats, basis of culture medium, 
359 

Occiput, 24 
Ocellar bristles, 24 
Ocellar nerve, 69 
Ocellar triangle, 24 
Ocelli, 21 

O’Connor, F. W., 87, 240, 241, 
277 

Octa-Klor, 504 

Octosporea mu scar-do m csticae, 

240, 241 

O-dichlorobcnzene, as larvicidc, 
43 <> 

Odonata, 126, 255 
Odors, in food materials, 187 
Oesophageal diverticulum, 56 
Oesophagus, 50, 56; of larva, 
109 

Oestridac, 128, 329 
Oestrus, 317; ovis, 322, 323, 
329, 340; ovis, var. corsicae, 
340; ovis, var. gratiatac, 340 
Official test insecticide (O.T.I.), 
366, 372, 433 
Okinawa, 435 
Okulov, V., 487 
Olfactometer, 77 
Olfactory end organs, 78 
Oliveira, S. J. de, 491 
Olson, T. A., 179, 436, 459 
Ommatidia, 69 
Onchocerca volvulus, 17 
Oncopeltus, 75 


Ono, Z., 210 

Onorato, R., 318, 333 

Oosome, 96 

Open dump, 441 

Open latrine, proper care, 459 

Ophthalmia, 277, 283 

Ophthalmomyiasis, 322 

Ophyra leucostoma, 117 

Optic lobes, 69 

Oral disc, 49, 52 

Oral lobes, of larva, 80, 102 

Oral margin, 24 

Oral vibrissac, 23 

Oriental region, 165 

Orlando, Fla., 474, 489 

Orthoptcra, 56, 126, 2 S 5 , 349 

Orthorrhapha, 46, 126 

Orth’s fixing solution, 401 

Orton, S. F., 277 

Osmic acid, 401 

Osteomyelitis, 343 

Ostia (of heart), 60 

Ostrolcnk, M., 229, 232, 289, 

292, 304 

Otway, A. L., 465 
Outer margin (of wing), 30 
Outer vertical bristles, 24 
Ovaries, 66 

Ovarioles (egg tubes), relation 
to age of fly, 94 
Oviducts, 66 

Oviposit ion, 92; behavior of fe¬ 
male, 94; temperature re¬ 
quirements, 210 
Ovipositor, 36, 66 
Ox warbles, 315 
Oxyuris, 249 

Pachycrepoideus dttbius, 260 
Packard, A. S., 13s, 2*56 
Packchanian, A. A., 186, 241. 

243 

Pail lot, A., 239 

Paine, J. H., 308 

Paints, containing DDT, 483 

Palearctic region, 161 

Palestine, 4, 201, 203, 204, 207 

Palm warbler, 263 

Palpus, 52 

Panama Canal Zone, 298 
Panama City, 299 
Panzct'ia, 349 
Pappataci fever, 17 
Parachaeraps, 495 
Paradichlorbcnzcnc, 435, 466 
Paraf, J., 279 
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Paraffin, for scaling vials, 396 
Paraffin-celloidin method, 408 
Paraffin method, 405 
Paraffin sections, manipulation, 
411 

Paraly'zed flies, in Pcet-Grady 
test, 369 

Paramonov, S., 343 
Paraphyses, 52 
Parasites of houseflies, 223 
Paratyphoids, 8, u, 267 
Par£, 342 

Paregle radicttm, 325 
Pari sot, J., 452 
Parker, H. L., 260, 261 
Parker, K. G-, 292 
Parker, R. R., j 17, 186, 230, 
259. 304 

Parker, W. L., 505 
Parkes, L. C-, 135 
Parkin, E. A., 476, 507 
Parman, D. C., 76, j 19, 210, 
219 

Parrott, P. J., 214 
Parsnip web worm, 352 
Pasteur, Louis, 5 
Pasteurdla: avicida, 230; hol- 
lingcri, 230; cuniatlicida , 230; 
pcstis, 231, 265, 269, 291; 
tularcnsis, 231, 273 
Pastinaca, 352; saliva, 351 
Patton, R, L., 75 
Patton, W. S., 8, 22, 28, 38, 49, 
58, 88, 94, 135, 136, 178, 179, 
189, 228, 230, 241, 274, 277, 
3'8> 337, 338 
Paul, J. R., 283, 284 
Pavlovskii (also Pavlovsky), 59, 
337 

Pa 2, G. C, do la, 177, 196, 468 
Peairs, L. M., 205, 207 
Peat moss, deterrent to oviposi- 
tion, 457 

Pcckham, E, G., 259 
Peckham, G. W., 259 
Pedicel, 22 
P^doya, C., 340 

Pcct-Grady chamber, 80, 88, 

215, 366, 508 

Peet-Grady method, criticism, 
376 

Peet-Grady tests, 363, 366, 433 

Pdetain, 352 

Penis, 41, 67 

Pcnitc, as larvicide, 435 

Penner, L. R., 2R5, 286 
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Pentachlorcthane, as larvicide, 
435 

PentachJorin paste (DDT), 487 
Pentamethylenediamine, 346 
Pereira, C., 134, 247, 252 
Pereira, H. F., 502 
P£rez, C., 62, too, ri5 
Perfume, in fly sprays, 432 
Pericardial sinus, 111 
Pericardium, 60 
Periplasm, 95, 96 
Peristalsis, 58 

Pcritreme (of thoracic spiracle), 
d 3 

Permanent receptacles for hu¬ 
man waste, 463 

Peronia rostra in, in matted wool, 
178 

Persian Gulf, 14, 423 
Potrishcheva, P. A., 197, 201 
Phoenicia, 285, 331; cuprina, 
316, 320; sericata, 286, 316, 
320, 322, 323, 331, see also 
Lucilia sericata 
Phalcn, J. M,, 466 
Phallic pouch, 43, 46 
Phallosomc, 41 

Phalltts ( Ithyphalltfs) impu- 
dims, 187, 274 
Pharyngeal nerves, 70 
Pharyngeal scleritcs, 104 
Pharynx, 56; of larva, 109 
Phasia, 35T; occideniis, 352 
Phasiidae, 348 

P heid ole: mcgacephala, 258; 
pallidula, 258 
Pheloukis, T., 246 
Phenol, to prevent molding, 394 
Philaematomyia crassirostris (/«- 
signis), 58, 189. 209, 333 
Philosophy and aesthetics, 352 
Phlehotomus, 17, 149, 241 
Phoridac, 330 

Phormia, 18, 187, 283, 284, 288, 
353; groenlandica, 183; regina, 
75, 77, 1*7, 285, 286, 317, 320, 
330, 337, 343; terra-novae, 
183, 260 

Phototaxis, in larvae, 80 
Phototropism, positive, 379, 383 
Pbycomycetes, 237 
Physiology, 48 
Pian, 270 

Pickard-Cambridge, O., 253 
Picric acid, 401, 412 
Picro-fuchin, 412 


Pierce, W. D., 134, 227 
Pierpont, R. L., 506 
Pig dung, superior breeding 
medium, 180, 181, 202 
Pigmeophorus, 251 
Pillboxes, for field collections, 

385 

Pink us, H., 261 
Pinned specimens, 386 
Piophila casei, 144, 322, 325, 
332, 34i 
Piophilidae, 332 

Piperine, histological effects, 89 
Piperonyl butoxidc, 432, 508 
Pipcronyl cyclonene (cyclohex¬ 
anone), 490, 508 
Pipkin, A. C., 287, 288 
Pit privy, 461 
Place, F. C,, 245 
Plague, 1, 269; bacilli, 265, 276 
Plant diseases, 292 
Plaster of Paris: for embedding 
molds, 410; in killing tubes, 384 
Plastic mounts, 400 
Plastic screening, 426 
Platform feeding of hogs, 443 
Platinic chloride, 401 
Platyhclminthes, 243 
Platymus, 256 
Plecoptcra, 126 
Plexiglass, 400 
Pneumonia,. 10, j 1 
Podiceps novae hoi Ian dine, nests 
breed flies, 180 
Podyapolskaya, V., 249 
Poeciloehroa convictrix ', 254 
Pogorelskin, M. A., 488 
Poison baits, 433 
Pokrovskii, S. N., 249 
Polar body, 96 

Poliomyelitis, 236, 269, 279, 
283, 303, 485; Rockford epi¬ 
demic, 286; virus in flies, 226 
Polistcs hebraetts, 259 
Pollenict rtidis, 144, 146 
Pollination of flowers, 351 
Polyphagous species, 190 
Pomace flies, 144 
Portchinsky, I. A., 135, 256, 317, 
337 , 340 
Post, R. L., 503 
Postalar bristles, 26 
Postalar callus (callosity), 25, 26 
Postanal pad, of larva, 105 
Postcephalic segment, 104 
Posterior cells, 33 
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Posterior spiracles, o£ larva, no 
Posterior vertical bristles, 24 
Posthumeral bristles, 25 
Postscu tell urn, 28 
Potassium cyanide, 384; in rat 
reduction, 442 
Potassium dichromate, 401 
Potassium hydroxide, 399 
Potential flight range, 82 
Poultry, to destroy larvae, 469 
Powdered milk, as rearing me¬ 
dium, 357 

Predators of houseflies, 223 
Pregenital segment, 43 
Prell, H., 349 
Preoviposition period, 210 
Prcpharyngcal scierite, 55 
Prepharynx, 50 

Prepupal migration, inhibited by 
drying, 207 
Prestoma] teeth, 53 
Presutural bristles, 25 
Prill, E. A., 500 
Primary forceps, 41 
Primary screw worm, 338 
Primary yolk cells, 97 
Primordial germ cells, 96 
Prince, L. H., 342 
Pringle, J. W. S., 85 
Proboscis, 24, 48 
Procerebrum, 69 
Proctodacum, 57, 98; of larva, 
no 

Progressive staining, 413 
Promts sea, 133 
Pronotum, 27 

Proplcural scierite and bristles, 
27, 28 

Prospalangia pfatensis, 261 
Proteus: morganii, 224, 231, 

291; vulgaris, 231 
Prothorax, 25 

Protozoa, 240; in biological war¬ 
fare, 17; carried by flies, 223 
Protozoan diseases, 270 
Proventriculus, 56; of larva, 109; 

sphincter of, 58 
Proximal intestine, 56 
Pruthi, H. S.., 466 
Pryor, M. G. M., II3 
Przibram’s rule, 100 
Pseudocephalon, 102 
Pseudocone eye, 79 
Pseudomonas: aeruginosa, 231; 
fluorescent, 224, 231; jaegeri, 
231; non-liquejaciens, 231 


Pseudopyrellia, 245 
Pseudoscorpionida, 250, 253 
Pseudotracheae, 24, 49, 52, 53 
Pseudotrachcal ring, 52 
Psychoda, 144, 326; albipcnnis, 
324, 326; altemata, 325, 326 
Psychodidae, 326 
Pteromalus, 261 

Ptcropleural scierite and bristles, 
28 

Ptilinal suture, 23 
Ptiluium, 23, 115, 116 
Public health, 293; education 
important, 7; world standpoint, 

309 

Public responsibility, 296 
Puerto Rico Report, 260, 261, 
262 

Pulvillus, 33 
Punkies, 17 

Pupa, 114; mortality at higher 
temperatures, 203; tolerance of 
low temperatures, 201 
Puparia, separated by flotation, 
363 

Pupation, 112 
Pupjpara, 128 
Puri, I. M., 136, 198, 424 
Pyrausta , 349 

Pyraustomyia penitails, 349 
Pyrethrins, 431, 490 
Pyrethrum, 14, 378, 477- 479> 
506; in fly sprays, 430; histo¬ 
logical effects, 88; for killing 
flics in traps, 386 
Pyrin 20, histological effects, 88 
Pyrophyllite, 474, 482, 487 

Races of flics: Armis strain, 81 ; 

Basle strain, 81 
Radial sector, 32 
Radial vein, 32 
Radioactive isotopes, 509 
Radiomedial cross vein, 32 
Raillietina, 248 
Raimbert, A., 1, 227 
Rainwater, PI. T., 178 
Ramakrishna Iyer, T. V., 451 
Ramsbottom, J., 239 
Range of flight, 116 
Ransom, B. H., 244 
Rao, G. R., 335 

Rats: enemies of flies, 263; in 
garbage dumps, 441 
Razor blade, used with micro¬ 
tome, 408 


Reactance formula, 379 
Rearing and culturing tech¬ 
niques, 355 

Reaumur, R. A. F. cle, 90, 116 
Recovery cage (cabinet), in Peet- 
Grady test, 370, 372 
Recreation, health dangers, 306 
Rectal glands, 58 
Rectal papillae, 58 
Rectal valve, 58 

Rectilinear circumverted termi- 
nalia, 47 

Rectilinear genitalia, 47, 91 
Rectum, 46, 58 
Reduction division, 96 
Reed, W., 229, 275 
Regressive staining, 413 
Reid, W. M., 248 
Relaxing chamber, 392 
Removal of embedding medium, 
412 

Rendtorff, R. C., 226’, 236 
Rennie, J., 335 

Repair of broken specimens, 390 
Repellents and repellent sprays, 

76, 432 

Reproductive organs: female, 
66; male, 67 

Reptiles, enemies of flies, 224, 
262 

Residual sprays, 432, 480; test¬ 
ing techniques, 376 
Resistance to insecticides: resis¬ 
tant strains of flies, 489; due to 
diet, 480 

Respiratory structures, of larva, 
] 10 

Reticular layer, 95 
Reverse peristalsis, 58 
Rhinocstrtis, 317; purpureas, 
323, 3 2 9> 340 
Rhodesia, 154, 177, 189 
Rhythmic variations in atmos¬ 
pheric pressure, 221 
Richards, O. W., 44 
Richardson, G. H., 75, 175, 180, 
187, 261 

Richardson, E. H., 175 
Richardson, H. H., 359, 364 
Rickettsia conjunct/vae, 233, 236 
Rickettsiae,, 235; in biological 
warfare, 17; carried by flies, 
223 

Riker mounts, 392 
Riley, W. A., 230, 341 
Riverside, Calif,, 503 
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Roark, F. C., 474 
Roark, R. C., 76 
Roberts, 463 
Roberts, E. W„ 286 
Robertson, J., 180, 276 
Robertson, K. G., 241 
Robineau-Desvoidy, J. B., 133 
Robinson, G., 492 
Robinson, W., 343 
Rockford, Ill., 286 
Rocky Mountains, 160 
Rodcl, H.> 210 
Roma, 171 

Romanov, A. N., 182, 204 
Roofed privy, 460 
Roofing paper, on manure piles, 
45i 

Root, F. M,, 87, 240, 241, 280 
Rosenau, M. J., 230 
Ross, I. C., 282 
Ross, J. N., 10 
Ross, W. C., 242 
Rostrum, 24, 49, 50, 51 
Rostrup, S., 181 
Rotation of male genitalia, 43 
Rotenone, 378, 490, 503, 506 
Rotbane, 505, 506 
Roubaud, E., 87, 182, 193, i 9 6 > 
228, 240, 246, 262, 273, 452, 
469 

Rouen, 456 

Roundworms, carried by flies, 
223 

Rovelli, G., 248 

Roy, D. N., 182, 260, 261, 339, 
34i 

Rubber, in chloroform tubes, 385 
Ruhland, H. H., 228 
Ruibina, A. D., 335 
Rumania, 335 
Rural problems, 301 
Russo, C., 23 r 

Sabin, A. B., 284 
Saccharomycetales, 237 
Sacculus (of oviduct), 66 
Saccghcm, R. van, 245 
St. Louis Post Dispatch, 490 
Saliva, 53 

Salivary duct, 52, 54 
Salivary glands, 48, 54; labial, 
56; of larva, no; lingual, 55 
Salivary syringe, 55 
Salles, J. F. de, 239 
Salmonella, 303; choleraesuis, 
23 r; enteritidis, 231, 235, 289, 


292; paratyphi, 225, 232, 267; 
schottmulleri, 224, 232, 267 
Salonica Command, 10 
Sal soda, 437 
Salter, L. C., 476 
Salticus sccnicus, 254 
Sanders, D. A., 233, 289 
Sanders, G. E., 260 
Sand flies, 17 

Sanitary land fill, 309, 441; com¬ 
paction of refuse, 447; excava¬ 
tion, 447; site, 447; trench, 447 
Sanitary privies, types of, 461 
Sanitary standards: decline dur¬ 
ing depression, 1 2; improve¬ 
ment in United States, 11 
Sanitation, world-sponsored, 313 
Sao Paulo, 134 
Saprinns, 256 
Sarcina aurantiaca, 232 
Sarcodina, 240 

Sarcophaga, 18, 27, 28, 50, 82, 
84, 177, 182, 211, 256, 260, 
278, 285, 286, 287, 288, 316, 
3 2 7> 335> 337; albiceps, 320; 
bar bat a, 320; bccke>‘>, 320; bul- 
lata, 317, 320, 325; earn aria, 

320, 322, 323, 324, 341; 

coolcyi, 323; crassipalpis, 321; 
fertoni, 321; haemorrhoidalis, 
148, 321, 324, 325; lambcns, 

321, 323; misera, 245, 32r, 

322; nodosa, 323; peregrina, 
321; placida, 321, 324; rufi- 
cornis, 316, 321; striata, 321; 
terminal is, 282 -- 

Sarcophagidae, 42, 128, 327, 351 
Sarcopromusca arcuata, 282 
Sardinia, 504 
Sarkaria, D. S., 75 
Saunders, W. H., 175 
Sawdust: in killing tubes, 384; 
to control moisture in rearing, 
365 

Scales, F. M., 455 
Scape, 22 

Scatophaga: litorea, 160; stcr- 
corarta, 195, 257 
Scatophagidae, 128, 130 
Scavengers, flies as, 346 
Sccnopinus jenestralis, 144, 146 
Scharff, J. W., 312 
Schechter, M. S., 488 
Schedoaccrcomonas muscae- 
domesticac, 241 
Schistosoma mansoni, 249 


Schistosomiasis, 12 
Schizophora, 126 
Schkaliberd, W. M., 343 
Schmitt-type insect box, 391 
Scholcchiasis, 316 
Schools, rural, source of infec¬ 
tion, 300 

Schuckmann, W. von, 453 
Schwartz, B., 246 
Sclcrotin, 113 

Scott, T. R., 229, 230, 23 j, 232, 

233 

Scott, R. H., 307 
Scraping position (mouth parts), 
54 

Screen door, 426 
Screening, 424 
Screvvworm flics, 315 
Scrub typhus, 12 
Scudder, H. I., 4211, 468 
Scudder, H. L., 88 
Scutellar bridge, 29 
Scutellar bristles, 27 
Scutcllum, 25, 27 . 

Scntigera: colcoptcra, 250; for¬ 
ceps, 250; smithn, 250 
Sealing mounts, 414 
Seasonal conjunctivitis, relation 
to habronemiasis, 246 
Seasonal variations in atmos¬ 
pheric pressure, 221 
Seaweed, deterrent to oviposi- 
tion, 457 

Secondary forceps, 41 
Second-stage larva, roi 
Secretions (of alimentary tract), 

58 

Sectioning of tissues, 402 
S£guy, W., 260 
Semispecific myiasis, 315 
Sen, S. K., 227 

Sensillae, chordotonal and cam- 
paniform, 85 
Sepsidae, 332 
Sepsis, 325, 332 
Sergent, Ed. and Et., 450 
Serratia: f{ielcnsis, 232; mar- 
ccsccns, 232 
Sesame, oil of, 480 
Sesamin, histological effects, 88 
Sewage sludge, breeding me¬ 
dium, 307 

Sewers, in garbage disposal, 441 
Sex ratios, 91; seasonal, 209 
Sexual development, relation to 
diet, 185 
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Shakespeare, E. O., 229, 275 
Shane, M. S., 495 
Sharpy-Schafer, E., 69 
Shaw, R. C., 302 
Shclford, V. E., 87 
Shiga bacilli, 10, 277 
Shigella, 267, 303; dysenleriae, 
232, 235, 267; paradysentcriae, 
232, 267 
Shinoda, O., 217 
Shircore, T. O., 249 
Shooter, R. A., 233, 290 
Shope, R. E., 225 
Shuzo, A., 281 
Sibthorpe, E. H., 346 
Siddons, L. B., 182, 260, 

261 

Sieyro, L., 240, 287 
Sikes, E. K., 67 
Siler, J. F., 299 
Silkworm, 348 
Silver fish, 474 

Silver nitrate, 413 
Silverthornc, N., 338 
Simitch, T., 282 
Simmonds, H. W., 194, 256, 
258, 261, 262 
Simmonds, M., 233, 280 
Simmons, J. S., 475 
Simmons, P., 10, 11 
Simmons, S. W., 175 > 3 ° 4 > 343 ? 

503 

Simulium, 17; salopicnse, 149 
Siphona irritant , 504 
Skinner, H., 119 
Slit trenches, temporary expedi¬ 
ent, 438 
Smart, J., 154 
Smirnov, E., 260 
Smirnov, E. S., 177, 182, 183, 
216 

Smit, B,, 485 
Smith, M. I., 492 
Smith, R. C., 302 
Snodgrass, R. E., 47 
Sodium arsenite, 14, 437, 454, 
466 

Sodium borate, 437 
Sodium carbonate, 174, 437 
Sodium cyanide, for treating 
manure, 455 

Sodium fluosilicate, for treating 
manure, 455 
Sodium hydroxide, 436 
Sodium salicylate, in poison 
baits, 434 


Solenopsis gcmm'mata diabola, 
258 

Somatic mesoderm, 98 
South Africa, 6 
South African wars, 2 
Souza, Gabriel Soares de, 1 
Souza-Araujo, H. C. dc, 289 
Sow bugs, 348 
Space sprays, 478 
Spacial variations in atmospheric 
pressure, 221 

Spalangia: ca m ero ni, 261; hirta, 
261; tnuscae, 261; muscida- 
rum, 261; muscidarum stomo- 
xysiae, 261; niger, 261; nigra, 
261; philippinensis, 261 
Spanish-American War, 2, 6, 
275 

Special testing methods, 378 
Specific myiasis, 315 
Specimens in alcohol, storage 
and arrangement, 396 
Spence, W., 253, 316 
Spermathecae, 66 
Sperm cells, 96 
Speyer, E. R., 76, 77 
Spiders, 254 
Spielman, M., 230 
Spiracles, 63; abdominal, 43; of 
larva, too, 102; of pupa, 114; 
thoracic, 114 
Spirillum cholcrac, 267 
Spirochac.te infection, 270 
Spirochetes, 223, 237 
Spiroptcra: macrostoma, 244; 

microstoma, 244 
Spiruridac, 244 
Splanchnic mesoderm, 98 
Sporozoa, 240 
Sprays, 430 
Spurious vein, 33 
Squama, 30 

Staining techniques, 412, 413 
Standard Milk Ordinance Code 
(U.S. Public Health Service), 
302 

Standard testing procedures, 

355,365 

Staphylinidae, 256 
Staphylococcus, 265; agcdactiac, 
289; albus, 232; arueus, 232, 
289, 343; citreus, 233; flaccid- 
fex, 233; muscae, 225, 233, 
234; pyogenes albus, 232; pyo¬ 
genes dtreus, 233 
Starvation, effect on behavior, 88 


Stasisia rodhaini, 322, 331 
Stcaloda borealis, 254 
Stein, A. K., 59, 337 
Stem, F. R., 241 
Steiner, G., 77 

Stcinhaus, E. A., 227, 230, 231, 
234,236,241,344 
St-enomalus muscarum, 261 
Sternites (of abdomen), 35 
Sceriutcs (male genitalia), 46 
Sternopleural sclerite and bris¬ 
tles, 28 

Sterzinger, O., 219 
Stewart, M. A,, 342 
Stewart, W., 274, 289 
Sticking agent, 482 
Stick liquor, in garbage reduc¬ 
tion, 446 

Sticky flypaper, in survey work, 
420 

Stiles, C. W., 134, 300, 460, 463, 
465 

Stipes, 52 
Stizus, 259 
Stohlman, E. F., 492 
Stomach, 56, 87 
Stomodaeum, 56, 98, 110 
Stomoxyidinae, 130 
Stornoxys, 17, 32, 88, 117, 189, 
T90, 228, 256, 260, 291, 353; 
calcitrant, 144, 175, 184, 189, 
195, £09, 216, 236, 238, 244, 
245, 246, 261, 279, 321, 325, 
333, 469; nigra, >89 
Stone, W. P., 475 
Storage of pinned specimens, 
389 

Strasbourg, 473 
Stratiomyidae, 327 
Strauss, P., 469 

Streptococcus: agalactiae, 233, 
273; equinus, 233; jaccalis, 
233; lactis, 233; pyogenes, 233; 
salivarius, 233 
Strickland, C., 341, 349 
Strickland, E. H., 217 
Strike, in sheep, 178 
Strong, M., 89 
Stubenfliege, 135 
Subanal plates, 38, 66 
Subcostal vein, 32 
Submargina.l cell, 33 
Suboesophageal mass, 69 
Substrates for oviposition, 92 
Succiput, 24 
Sugai, C„ 279 
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Sukhova, M. N., 45 ° 

Sullivan, W. N„ 374 
Summer diarrhea, 278 
Sunshine, ecological factor, 347 
Superior apophysis, 4 2 
Superior claspers, 43 
Supra-anal plates, 38 
Supraoesophageal ganglion, 69 
Su.rbcr, E. W., 494 
Surface, H. A., 455 

Surface privy, 461 
Surra, 282 

Survey work, techniques, 4*9 
Swarninath, C. S., 187 
Swamp cancer, in horses, 245 
Sweet, E- A., 276 
Swectman, H. L., 233, 506 
Sydenham, T., 1 
Sylvicola fencstralis, 3 2 5 ? 3 2 ^ 
Sylvicolidac, 326 
Symbionts of houseflies, 223 
Sympathetic nervous system, 73 
Syncytium (in fertilized egg), 
96 

Synedra, 495 
Synerholm, M. E., 500 
Syngamus trachea, 248 
Synthcsiomyia nudiseta, 3 21 > 
333 

Syntomosphyntm glossitme , 262 
Syphilis, 237 
Syrphidac, 46, 332 

Syr phus. 324, 332 

Szappanos, G-, 313 

Tabanus, 17, 259 
Tachina, 352 

Tachinacphagus girauhi, 261 
Tachinidac, 27, 78, 128- 34 8 > 
349 - 350 , 35 * 

Tack boards, for temporary ar¬ 
rangement of pinned speci¬ 
mens, 388 

Taenia: echinococcus, 249; sagi- 
nata, 249. 2 7* 5 solium, 271 
Taggart, R. S., 43 2 
Tajikistan, 182, 258 
Takacs, W. S., 284 
Talc, 482 

Tankage, in garbage reduction, 
446 

Taa, S. M., 100 

Tarpaulin: to cover garbage, 
440; to cover manure, 437, 457 
Tarsonemidae, 251 
Tarsus, 34 


Tasmania, 166 

Taste, stimulant to oviposition, 
81 

Tattersfield, F., 374 
Taxonomy, 123 
Taylor, J. F-, 10, 81 
TDE (DDD), 506 
Tebbutt, H., 227, 229 
Tegin, 481 
Tcgula, 29 
Tcichmann, E., 455 
Teichomyza jusca, 324, 332 
Teissier, G., 100 
Telford, H. $., 488 
Temperature: effect on adult 
flies, 208; effect on egg stage, 
191; effect on larvae and 
pupae, 196, 197; factor in 

ecology, 191; of food, 212; for 
oviposition, 93; relations ex¬ 
pressed by catenary curves, 206 
Temporal variations in atmos¬ 
pheric pressure, 221 
Tcncnt hairs, 35, 264 
Tcnthredo vartegains, 256 
Tergites (of abdomen), 35 
Tcrgites (male genitalia), 46 
Termites, 472 
Testes, 67 

Tctrachlorethane, as larvicide, 
435 

Tent an a triangulosa , 254 
Thanite, 14, 436, 490, 505, 506 
Thaxter, R., 239 
Theca, 42 

Theiler’s poliomyelitis virus, 285 
Therapeutic myiasis, 342 
Therevidae, 327 
Theridium tepidariorum, 254 
Thermal constant, 204 
Thermal equilibrium, 209 
Thermotropisms of larvae, 198 
Therva mobilitaia, 325, 327 
Thiocyanates, in fly sprays, 432 
Thiocyanoacetates, 506 
Third-stage larva, 101 
Thomas, H. E., 229, 292 
Thompson, W. R., 260, 261 
Thomsen, E., 30, 61, 198, 209 
Thomsen, M., 17, too, 181, 198, 
205, 206, 207, 209, 457 
Thomson, F. W., 276 
Thomson, J. G. } 93, 282 
Thomssen, E. G., 380 
Thoracic ganglia, 73 
Thorax, 25 


Threshold temperature, 205 
Thrombidium muscarum, 252 
Thunderstorms, effect on flight, 
219 

Tibia, 34 

Tiegs, O. W., 260 
Tilden, E. B., 243 
Tile, for housing garbage can, 
308 

Time of day, effect on flies, 217 
Timor, 171 
Tipula, 83, 325, 326 
Tipulidac, 326 
Tischer, L. A., 284 
Tischler, N., 186, 379 
Tissuemat, substitute for paraf¬ 
fin, 409 

Titanogrypha , 327; alata, 321, 
3 22 

Tizzoni, G., 233 
Toomcy, J. A., 284 
Torrey, J. C., 227, 229, 230, 232, 
233, 234, 235 
Tortugas Islands, 218 
Townsend, C. H. T., 130, 133 
Town wastes, in India, 310 
Toxaphene, 501, 505 
Toxic substances, histological ef¬ 
fects, 88 

Tracheal sacs, 63 
Tracheal system, 62 
Tracheolcs, 65 
Trachoma, 269, 279 
Transferring eggs, 357 
Transferring sections, 411 
Transportation of garbage, 439 
Transverse suture, 25 
Trask, J. D., 283, 284 
Travis, B. V., 435 
Trcillard, M., 228 
Treponema pertenuc, 237, 270 
Treponematosis, 270 
Trichinella, 444 
Trichloroacetic aldehyde, 497 
Trichocephalus, 249, 288; dis- 
par, 249 

Trichomonas: foetus, 241; ho- 
minis, 241; intcstinalis, 282 
Trichophora, 352 
Trichopoda, 352 
Trichoptera, 126 
Trichuris, 249, 288; trichiura, 
249, 271 

Trimming paraffin blocks, 407 
Tripolitania, 318, 333 
Tritocerebrum, 69 
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Triton x-ioo, emulsifier, 499 
Trochanter, 34 

Trotnbidium, 252; muscae, 251; 
muscarttm, 251; parasitiettm, 
251 

Trough, in maggot trap, 450 
True stable fly, 144 
Trypanosoma, 243; cmzi, 243, 
255; e van si, 241; hippicu m, 
241; rhodesiense, 281 
Tubercle bacilli, 281 
Tuberculosis, 268, 283 
Tubifera, 316, 332; arbustorum, 
325, 332; dimidiaia, 323, 332; 
ten ax, 325, 332 
Tularemia, 17, 279 
Tully, E. J., 4-43 
Tunibu fly, 315 
Turntable method, 374 
Tween, 481 

Twin chambers, for biothermic 
treatment, 453 

Typhoid, 2, 4, 8, 11, 264, 266, 
275, 283 

Typhoid carriers, 306 
Typhoid fly, 2, 11, 275 
Typhus, 12, 290, 474: epidemic 
in Naples, 475 
Tyrannidae, 351 
Tyroglyphns, 231 

Uganda, 182 
Umbel)ifcrae, 351 
Underhill, G. W., 219 
UNESCO, 314 
Ungues, 35 

United Nations, World Health 
Organization, 3x4 
United States Food and Drug 
Administration, 494 
Urea, 343, 3 -tC: 

Urease, 343 
Uribe, C., 255 
U.S.S.R., 14 

U tube, for testing olfactory re¬ 
actions, 378 

Uvarov, B. P., 210, 214, 218 

Vacation risks, 306 
Vaccines, 18 
Vagina, 66 

Vaillard, Dr., 249, 259 
Valvulae externae, 43 
Vandenbcrg, S. R., 261 
Van Emden, F. I., 135, 136, 171 
Vanskaya, R. A., 470 


Variations in atmospheric pres¬ 
sure, 221 

Vartiainen, O., 340 
Vasa deferent ia, 67 
Vascular system, 59 
Vaughan, V. C., 2, 229, 275 
Vault privy, 463 
Veedcr, M. A., 229, 274, 293 
Veitch, R., 177 
Velsicol rc>68, 504 
Venables, E. P., 256 
Venation, 31 
Venetian turpentine, 400 
Vent, flyproof, 461 
Ventilation ports, in Pect-Gradv 
chamber, 369 

Ventral plate (male genitalia), 
45 

Ventral sinus, of larva, x 11 
Ventriculus, 56; of larva, 110 
Verruga, 17 

Vertebrate enemies of flics, 262 
Vertical pose (in mating), 91 
Vertical variations in atmos¬ 
pheric pressure, 221 
Vespa: german ica, 259: on en¬ 
tails, 280 

Vibrio: cholcrae, 233; comma, 
226, 233, 267, 34 G; protects, 
3 -) 6 

Vibrissinn, 349 
Vienna, 1 87 

Vigna catiang, in Fiji, >77 
Viruses, 236, 269; in biological 
warfare, 17; carried by flies, 

223 

Viscosity, of livestock sprays, 506 
Vision, 79 

Vitamins, not essential for 
larvae, 1 83 

Vitelline membrane, 95 
Viviparomusca, subgenu$, 132, 
135 

Vladimirova, M. $., 183 
Volucclla, 69 

Vomitus, 53, 264; on window- 
panes, 173 

Von Buddcnbrock, W., 84 
Von Rath's fixing solution, 401 

Waederswi!!, 473 
Walker, E. M., 15r, 156, 338 
Wallpaper, impregnated with 
DDT, 484 
Walsh, B. D., 344 
Ward, R., 284, 285 


Ware, F\, 246 

War Production Board, 476 
Washburn, F. E., 294 
Washing soda, 437 
Washington, D.C., 121 
Washington Evening Star, 486 
Wason, E. J., 495 
Water, required by flies, 87, 186 
Waterhouse, D. F., 80 
Waterston, J., 261 
Waterworth, P. M., 233, 290 
Watt, J., 278, 303 
Wayson, N. E., 279 
Webster, J. !)., 340 
Weinland, E., 59, 182 
Wciser, H. H., 289 
Wcismann, A., 65, 102 
Weismann’s ring, ji2 
Welandcr, 230 
Welch, E. V., 154 
Welch, H., 232, 289, 292, 304 
Wellington, W. G., 77, 78, 219, 
220 

Wen yon, C. M., 87, 240, 241, 
277 

West, L. S., 128, 340 
West, R. F. K., 492 
West, F., 483 
Wettable powders, 482 
Wexlcr, \l., 88 
White-eyed vireo, 263 
Whole mounts, ol larvae, 398 
Wiesmann, R., 8 t, 474, 477, 485 
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